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Foreword 


The second edition of An Atlas of Gloss-lonomer 
Cements by Or Graham Mount is an indication of 
how much progress has been made in the further 
development of these bioactive materials. It is only 
in the last decade that the dental profession has 
recognized their unique properties which include 
the ability to ion-exchange at the tooth interface, 
leach fluoride and maintain marginal seal over long 
periods. In addition, their application in medicine 
has expanded where special glass-ionomer 
cements have been developed as bone cements, 
particularly in the field of otolaryngology. 

One of the major developments that Graham 
Mount has been able to include in this new edition 
is the light-cured or, as he prefers to call them, 
‘dual cure’ glass-ionomer cements. These materi- 
als have attracted great interest since they have 
overcome some of the clinical handling problems 
associated with the auto cure materials, the main 
one being the loss of cement-forming ions when 
the surface is exposed to saliva. However, the 
development of the dual cure cements has still 
some way to go due to their tendency to swell in 
water, As yet the clinical significance of this has 
not been established and it is likely that we shall 
see further progress by the manufacturers in 
eliminating this problem which could involve the 
replacement of HEMA in the formulation by other 
water-soluble monomers that do not form hydro- 
gels. The dual cure cements also allow the clini- 
cian to finish the restoration earlier without 
causing the catastrophic failure that can occur 
with the auto cure cements. It is likely that, by 


introducing cross-linking chains of tougher 
polymers into the cement, some of the undesir- 
able properties such as low tensile strength and 
brittleness can be overcome. 

The protection of the set surface of the auto 
cure cements with light-activated resins has now 
become standard practice, and Dr Mount 
pioneered this technique, much to the benefit of 
the dental profession. Restorations treated in this 
Way are stronger and achieve maximum translu- 
cency, which is illustrated in this edition with 
confocal optical microscopy showing the excellent 
attachment of the resin to the cement surface. 

This edition is profusely illustrated with clinical 
slides showing the long-term results achievable 
with glass-ionomer cements when the correct 
procedures are used. The importance of using the 
optimum powder-to-liquid ratios and of protect- 
ing the surface of the cement from early contam- 
ination with moisture run like a thread through 
the book. It is clear that Graham Mount quickly 
recognized these vital clinical requirements at an 
early stage of his research into these materials 
and his inquisitive mind shines through in this new 
edition. This is a book written by an enthusiast 
for enthusiasts and accurately reflects the current 
state of the art. 


John VW McLean, Ope 

Fos RCS (Eng), MOS, DSc (Lond), 0 Odont (Lund) 
Clinical Consultant, 

Laboratory of The Government Chemist 
London 


Preface 


By modern standards five years is a long time in 
the development of a dental restorative material, It 
is just five years since | completed the manuscript 
for the first edition of this book and already it 
needs to be updated to keep in touch with devel- 
opments. The main change has been the introduc- 
tion of the dual cure glass-ionomer cements, with 
the consequent modifications to clinical techniques. 
Not that the dual cure cements are necessarily the 
complete answer to the problems of clinical 
handling: in fact, | think it essential to emphasize 
that the auto cure cements are still very valuable 
and there are many situations where they remain 
the material of choice. 

As described in the text Gless-lonomer Cements 
by Wilson and McLean, the chemistry of the setting 
reaction of these materials is essentially an acid/base 
reaction between a glass powder and a 
poly(alkenoic acid), The major advantages arising 
from this combination of materials and. this 
chemistry is the ion exchange between the cement 
and the tooth structure and the continuing release 
of fluoride ions over the life of the restorapon, 
These properties are unique and are of greac clini- 
cal value to our patients. 

For reasons that are difficult to define, the 
profession has been rather slow to recognize 
these advantages and has baulked ar full accep- 
cance of the system over some perceived 
problems in clinical handling. The auto cure 
cements are not difficult to handle, but, like all 
dental restorative materials, require understand- 
ing and patience. Clinical results over eighteen 
years have given much satisfaction to many 
dentists and they will continue to be useful within 
the limits of their properties. 

The inclusion of the facility of command set 
through light curing has been greeted with great 
enthusiasm and, without doubt, has introduced 
some advantages and improvements. The 


DMG Chemisch-Pharmazeutische Fabrik GmbH, 
Hamburg, Germany, was the first to patent a 
system that allowed light activation of the cement 
through a dual action molecule. However, they 
did not follow through and it was left to the 3M 


Company, Minnesota, USA, to pursue che princi- 
ple and evolve a clinically useful material. The first 
Product was a lining cement with limited applica- 
tion and GC International, Tokyo, Japan, moved 
quickly to evolve their own lining cement, 
followed shortly thereafter by a full restorative 
cement. 3M then marketed a restorative cement 
and ESPE GmbH, Seefeld/Oberbay, Germany, 
followed suit, Clinical placement has been facili- 
tated and both physical properties and translu- 
cency have been enhanced. The jon exchange 
with underlying cooth structure is still available 
and the fluoride release continues. 

However, not every aspect is positve. The 
acid/base reaction is slowed down and water 
uptake is increased. Abrasion resistance remains 
unknown because the only place to test this 15 in 
the oral cavity and the cements have not been avail- 
able long enough to reliably measure this factor. 

The other factor that needs to be taken into 
account is the ‘bandwagon effect which is a real 
problem in this world of marketing. The terms ‘light 
curing and ‘glass-ionomer are hot items at the 
moment and are used widely to promote materi- 
alg that do not necessarily fall into the category of 
true light-activated glass-ionomer cements. It 
remains the responsibility of each operator to 
carrectly identify the material selected because the 
ultimate beneficiary must be our patients. 

There is still much room for improvement and 
research is continuing. An increase in fracture 
strength is theoretically possible but the problem 
is to achieve this within the narrow confines of 
clinical handling. Modified glass-ionomer cements 
are already being used as a bone substituce jn 
surgery where an appliance can be pre-formed 
and does not have to set within three minuces in 
the hostile environment of the oral cavicy. Future 
versions May or may not be light-activated and 
clinical handling will not necessarily be so simple. 
However, physical properties will certainly be 
improved and aesthetics maintained. VVhatever 
else, the two essential properties of the glass- 
lonomer system —ion exchange with the tooth 
and fluoride release — must remain immutable. 
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Description of glass- 
lionomer cements 


The giass-ionomer cements are water-based 
cements, probably more accurately known as 
glass-polyalkenoate cements. They consist of an 
aluminosilicate glass with a high fluoride content, 
interacted with a poly(alkenoic acid), The result is 
a cement consisting of glass particles surrounded 
and supported by a matrix arising from the disso- 
lution of the surface of the glass particles in the 
acid. Calcium polyacrylate chains form quite 
rapidly following mixing of the two components, 
and develop the initial matrix that holds the parti- 
cles together. Once the calcium ions are involved, 
the aluminium ions will begin to form aluminium 
polyacrylate chains, and, since these are less 
soluble and notably stronger, the final matrix 
formation takes place. At the same time fluoride 
is released from the glass particles in the form of 
micro-droplets which lie free within, the matrix, 
but play no part in its physical make-up. Thus the 
fluoride is able to leach out of the restoration as 
well as return into it, and a restoration can be 
regarded as a fluoride reservoir. 

The fluoride is used initially as a flux in che 
manufacture of the glass particles, and has been 
shown to be an essential part of the setting 
reaction. It represents approximately 20% of the 
final glass in the form of minute droplets. These 
become available from the matrix more readily 
than they were from the original glass particles. 

Approximately 24% of the set cement is 
water. This has been somewhat arbitrarily 
divided into ‘loosely bound’ water, which ts 
easily removed by dehydration, and ‘tightly 
bound" water, which cannot be removed 
and remains an important part of the 
setting reaction, It is essential to be aware 
that in the early stages following mixing the 
calcium polyacrylate chains remain highly 
soluble in water, so further water can be 
taken up. Conversely, the loosely bound 
water can be lost by evaporation if the 


cement is exposed to air. This problem of 
water loss or water uptake, that is, the 
water balance, is probably the most impor- 
tant and least understood problem with 
this group of cements (Figures |.1 and 1,2). 

However, recent modifications to the setting 
reaction through the inclusion of various resins has 
led to the development of the ‘dual cure’ (light 
activated) cements. It seems that with these 
cements the resins provide some degree of protec- 
tion to the setting reaction immediately following 
light initiation, preventing further water uptake or 
water loss. There will be some modification of the 
acid/base reaction because of the cross-linking with 
the resins, but the clinical placement routines have 
been simplified and the physical properties are 
improved to a reasonable extent. 

The terms auto cure and dual cure have been 
arbitrarily introduced to differentiate between the 
two main setting reactions without defining the 
actual chemistry that may be taking place in any 
one cement. 

Auto cure cements set by chemical reactions 
alone, currently defined as an acid/base reaction. 

Dual cure cements are set initially via a light- 
activated reaction, but the acid/base reaction is 
not substancially altered and will continue over 
time. With some materials there may be 
additional reactions, but essentially there are two 
basic setting mechanisms involved. 


Setting reaction of the auto cure 
cements 


With che original auto cure (chemically ser) 
cements the chemical reaction initiated by the 
application of poly(alkenoic acid) to the surface of 
the glass particles is, in fact. very prolonged 
(Figure |.3). The initial sec will reach a stage 
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Figure |.| 


Diagrammatic repre- 
sentation of the water 
balance in the glass- 
ionomer cements. 
Restorative aesthetic 
cements remain sus- 
ceptible to water 
uptake for at least | 
day after placement. 
Fast-setting cements 
are resistant to water 
uptake within 5 
minutes of the Gegin- 
ning of mix. 


Figure |.2 


The problem of water 
lass continues for a 
longer period for both 
the fast- and the slaw- 
set varieties, and 
precautions must be 
taken to prevent 
dehydration. 


Descnption of glassionamer cements 


within 4 minutes at which it is possible to remove 
a matrix and carry out trimming of the newly 
placed restoration. However, complete maturity 
and resistance to water loss will not be available 
for at least 2 weeks for the fast-setting varieties 
and possibly 6 months for the slow-setting 
aesthetic cements. 

If it is necessary to allowothe cement to come 
inte contact with water within minuces of place- 
ment then a fast-set cement is required. 
However, achievement of rapid resistance to 
water uptake can only be gained with the sacri- 
fice of aesthetics. In the manufacturing process, 
excess calcium jons are stripped from the surface 
of the glass particles so that the aluminium ion 
exchange will commence earlier in the life of the 
cement, Ultimate physical properties may not be 
reduced, but translucency is lost. 

However, it must be recognized that this early 
resistance to water uptake does not lock in the 
loosely bound water, and all of che fast-setting 
cements remain subject to dehydration. This means 
that, when using them as a lining, for example, they 
should not be left exposed to air any longer chan 
is necessary, since the cement is likely to crack. 

If it is important to achieve an aesthetic end 
result in the restoration then acceleration of the 
setting procedure is not possible and the clinician 
must accept the resultant problems of maintaining 
a stable environment for the newly placed restara- 
tion, Considerable water uptake and water loss 
can Occur in these cements for at least | hour, 
and may continue for a further 24 hours on a 
reducing scale. Thereafter, water uptake is of less 


Figure 1.3 


A theoretical diagram of the acid/base reaction 
between the glass powder and the poly(alkenoic acid). 
Mate that only the surface of each particle is attacked 
by the acid, releasing Ca and Al jons as well as fluoride 
droplets, which remain free and are not part of the 
matrix. The calcium polyacrylate chains form first, and 
then the aluminium chains follow immediately, 


significance, although water loss will remain a 
problem, Ifa relatively young restoration is to be 
exposed again to dehydration in the first 6 months 
after placement, it should be sealed with a water- 
proof coating to minimize water exchange. 

Considerable effort is being expended at present 
on overcoming these problems of water balance. 
It has been suggested that the profession is intol- 
arant of the time taken up by the setting reaction 
and that faster-serting cements, particularly lining 
cements, are necessary. Certainly conservation of 
time is important during clinical placement, bur it 
is even more imperative that the inherent advan- 
tages of chemical union to enamel and dentine, as 
well as that of continuing fluoride release, are not 
reduced or eliminated in the process. 


Setting reaction of the dual cure 
cements 


The full chemistry of the dual cure cements js not 
yet fully understood. Some years ago a dental 
manufacturing company in Germany (DMG 
Chemisch-Pharmazeucsche Fabrik GmbH) devel- 
oped a double action molecule capable of react- 
ing with a poly(alkenoic acid) as well as with the 
vinyl groups of certain resins. Having patented the 
process, they did mot develop the concept any 
further. Recently several other dental manufac- 
turers have rediscovered this molecule and 
utilized ic in the production of the dual cure glass- 
ionomer cements. 


ia 
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There appear to be several modifications of the 
basic principle available, depending on which 
resins are included and also the relative propor- 
tion of glass-ionomer cement compared to resin. 
lt is apparent that hydroxyethyl methacrylate 
(HEMA) is a necessary ingredient to facilitate the 
chemical reaction, although it |s highly hydrophilic 
and may lead to water uptake over time. Each 
manufacturer then adds further components with 
the object of protecting the original acid/base 
reaction between the jonomer glass and the 
poly(alkenoic acid) without interfering with it. 

From the clinical point of view, the interaction 
between tooth structure and the cement that 
produces adhesion throwgh che ion-exchange 
layer is very important Also the long-term 
fluoride release should not be interfered with. 
However, if the addition of further resins will 
protect these two factors and allow the glass- 
ionomer acid/base reaction to continue while at 
the same time enhancing the physical properties 
then clinical placement will be simplified and che 
restoration may be more reliable. 

A simplified diagrammatic representation of the 
setting reaction is shown in Figures 4.4 and 1.5. 
The original acid/base reaction demonstrated in 
Figure |.3 appears to continue without interrup- 
tion, and the resin component, following light 
activation, seems to provide an umbrella effect, 
protecting the cement from early loss of loosely 
bound water and further uptake of water through 
the dissolution of the calcium polyacrylate chains 
(Figure |.4), There ts probably some degree of 
interaction between the two components, but 
both reactions seem to proceed without inter- 
ference. Over time, the remaining resin that was 
not affected by light activation appears to undergo 
a further chemical setting reaction (a ‘dark cure 
reaction’) similar to that which o¢cured with the 
original chemically cured composite resins— 
hence the terms ‘tri-cure’ or ‘triple cure’ used by 
some manufacturers (Figure 1.5), 

Recent laboratory investigations suggest that 
this is a reasonable hypothesis. Tests on the 
physical properties show a continuing improve- 
ment over the first 5 days following mixing 
(Figures |,6 and |.7), suggesting that the chemi- 
cal setting reaction has not been inhibited. 
Specimens maintained in the dark free of any light 
activation will begin to set chemically within 5-7 
minutes, and will achieve physical properties 
similar to those achieved by light activation, 


An otes of pom-iononer cements 


Translucency testing shows that the dual cure 
cements react ina similar fashion to the auto cure 
cements. Following light activation, translucency 
declines marginally over the next 24 hours, but 
within a week the cement is more translucent 
than originally, Furthermore, placement of the 
specimens if water immediately after light activa- 
tion will not modify this effect (Figure |.8). 

The depth of cure of the cement ag the result 
of light initiation is consistency 3-4 mm, but, 
owing to the ongoing chemical setting reaction, 
this is not significant. Any cement not cured by 
light will continue to set, so the restoration will 
achieve physical properties chat will be relatively 
uniform throughout. This appears to provide a 
safety margin in the average restoration, in as 
much as unreacted cement belaw 4 mm will set 
and achieve acceptable physical properties. 
However, it is suggested that the ion exchange 
between tooth structure and the auto cure 
component in some of the dual cure cements may 
not be strong enough, and a degree of caution [Is 
recommended. 

Incremental build-up is probably the safest way 
of placing any light-activated restorative material, 
because there is inevitably some degree of shrink= 
age due to the immediate setting reaction in the 
direction of the light. This may be controlled to 
a certain extent by careful placement of the light, 
but some degree of stress on the newly forming 
ionic bond is almost unavoidable. The shrinkage 
in these materials seems co be minimal, but it 
does exist and therefore caution is required. 


The non-glass-ionomer cements 


There is some confusion In the market because 
the term glassonomer cement is being rather 
loosely used by some manufacturers. As 
suggested above, the essential clements of a true 
glass-ionomer cement are the jon exchange with 
the underlying tooth structure and the continuing 
fluoride release. For these to be available it Is 
necessary to have a poly(alkenoic acid) present in 
the formula in an ionizable form, As the balance 
In the formula moves further to the right (Figure 
1.9), away from the acid/base reaction, and the 
resin component predominaces, the cement is na 
longer a glass-ionomer, and should not be recog- 
nized in that category. 
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Figure |.4 


A theoretical diagram showing the influence of the 
resins incorporated into che glass-ionomer cement to 
allaw for a dual cure mechanism. The resins alone are 
light-activated to whatever depth is allowed by the 
penetration of the activator fight. This appears to be 
sufficient to protect the acid/base reaction of the glass- 
lonomer cement from water uptake and water loss, 
The red chains represent fully activated resins to the 
depth of penetration of the activator light. 


Figure |.5 


A theoretical diagram showing the progress of the 
chemical setting reaction of the resin component of the 
dual cure cement. Light activation will be limited to the 
light ‘dark cure’ reaction will 
continue until the entire cemencresin mass is ser. The 
red chains now represent the completion of the ‘dark 
cure’ of the resins. 


penetration. Our a 


Figure 1.6 


A bar chart showing the relative strengths of some 
auto cure cements as measured By a shear/punch test 
compared with two composite resins: Pertac Hybrid 
and 2100. Note that each cement is stronger ac 5 days 
than at 2 hours—evidence of the continuing setting 
chemistry 


Figure |.? 


A, bar chart showing the relative strengths of some dual 
cure cements as measured by a shear/punch test 
compared with two composite resins: Pertac Hybrid 
and 2100. Note that each cement is stronger at 5 days 
than at 2 hours—evidence of the continuing setting 
chemistry. Note also the strength of the specimens that 
were allowed to auto cure only for 5 days—evidence 
that the acid/base reaction if not altered by the 
presence of the resins 
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Figure |.8 


Traneix 


A, chart showing the initial decline in translucency ower 
the first 24 hours after mixing, followed by an increase 
aver the following 7 days to a point where the cement 


1Oiming, 120 ming , ors 
is more translucent than initially. 


Figure 1.9 


A diagram showing the theoretical composition of 
various dual cure cements and the potential effect of 
modifying the relative percentage of the contents. As 
the resin component increases, the acid/base reaction 
reduces, until the benefits of the glass-ionomer cement 
are lost and the material becomes a light-activated 
cement only, 
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Figure |.10 


A trial mix of a non-glass-ionomer cement has been 
placed under a light-proof cover and is being tested 
against the timing clock. 


Figure |./1 
At 20 minutes the mix is tested for degree of set. This 
particular material shows no sign of setting at this 
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There are now several such materials available 
to the profession, and some of them are 
marketed in such a manner as to be confusing. 
They are quite useful cements when used as liners 
or réstorative materials, as indicated by the 
manufacturers, but it should not be expected that 
they will provide the properties normally identi- 
fied with the glass-ionomer cements. 

The most obvious difference berween the two 
types of material is that the proper glass-ionomer 
cement is a true dual cure in as much as it will 
undergo a chemical cure if it is not light-activated. 
This means that the simplest method available to 
the clinician to differentiate between the two is 
to make a trial mix and retain the cement under 
a light-proof cover for 5-7 minutes. At this point 
the cement should be showing clear signs of a 


Figure [.f2 


A similar trial mix of a crue dual cure glass-ionomer 


cement is set against the clock. 


Figure 1.13 


Ac? minuces the cement is well set and, obviously, the 


acid/base reaction is taking place. 


chemical set. lt should be quite firm, and over the 
next 15-20 minutes still protected from light, it 
should set quite hard. The non-glass-ionomer 
cements will stay very soft and rubbery or else 
not set at all (Figures |./Q—1.13). 

Any adhesion developed with the underlying 
tooth structure by the non-glass-ionomer 
cements will be essentially a resin-type adhesion, 
and therefore subject to long-term hydrolysis and 
subsequent breakdown. Also fluoride release will 
decline rapidly and will not be sustained over the 
long term. 

It is therefore suggested that these materials be 
used carefully, with an understanding of their 
limitations and without the expectations for 
longevity and caries resistance associated with the 
true glass-ionomer cements. 


Classification 


The following classification is adapted from 
Wilson and McLean (1988), [It is generally 
accepted, and will be used throughout this book. 


Type |: Luting cements 


® For cementation of crowns, bridges, inlays 
and orthodontic appliances. 

Powder/liquid ratio approximately 1.5: 1, 
Fast set with early resistance to water uptake. 
Ultimare film thickness 25 um or less. 
Radiopaque. 


Type Il: Restorative 


ll.l: Restorative aesthetic—auto cure and 
dual cure 


® For any application requiring an aesthetic 
restoration; the only limitation is no undue 
occlusal load. 

® Powder/liquid ratio 2.8: 1 to 6.8: I. 

Excellent shade range and translucency. 

® Auto cure cements have a prolonged setting 
reaction and remain subject ta water loss and 
water uptake for at least 24 hours after place- 
ment they require immediate protection 
from the oral environment. 

® Most aute cure cements are radiolucent 

® Dual cure cements are immediately resistant to 
water uptake or water loss; they do not 
require sealing. 

@ Most dual cure cements are radiopaque. 


ll.2: Restorative reinforced 


@ For use where aesthetic considerations are not 
important but a rapid set and good physical 
properties are required. 

® Powder/liquid ratio 3:1 to 4: I. 

@ Fase set with early resistance to water uptake; 
can be trimmed and polished immediately after 
initial set; remain susceptible to dehydration 
for 2 weeks after placement. 

® Radiopaque. 
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Type Ill: Lining or base cements 


@ Can be auto cure or dual cure. 

@ Can be used as either a jining or a base, 
depending on the powder/liquid ratio used. 

@ Powder/liquid ratio 1.5: for use as a lining 
material under other restorative materials. 

@® Powder/liquid ratio 3:1 or greater for use as 
a base or dentine substitute in combination 
with another restorative material, 

@ Physical properties improve as the powder 
COMnCene Increases. 

# Radiopaque. 


Significant factors 
Powderlliquid ratio 


It is important to be aware that the constituents 
of the various glass-ionomer cements on the 
market are not the same. There is, in fact, a 
considerable difference between the powders and 
liquids produced by various manufacturers, and 
products must therefore never be interchanged. 
It should also be noted that, in some cases, 
materials marketed under different names are 
made by the same manufacturer. 

The thermal history of the glass during 
manufacture has a bearing on the clinical handling 
and ultimate physical properties of the cement. In 
the earlier formulations in particular, the glass 
powders are of a high-fluoride variety to allow for 
a rapid setting reaction, and these glasses are 
rather opaque. Another method of speeding the 
setting reaction is to deplete the available calcium 
ions on the surface of the powder. This also will 
be at the expense of aesthetics, but will result in 
a cement with an early resistance to water 
uptake. The introduction of tartaric acid into the 
formula to speed up the setting reaction led to 
the use of glasses of lower fluoride content, 
which are notably more translucent, and these 
are particularly valuable in the Type 11.1 restora- 
tive aesthetic cements. 

Powder particle size varies between beth 
manufacturers and cement types. Generally, the 
slower-setting aesthetic cements have particles 
ranging up to 50 um in size, while the faster- 
setting luting and lining cements have a finer parti- 
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de discribution. Smaller particle size speeds the 
chemical reaction, and also improves the chance 
of achieving a fine film thickness, 

In the original formula the liquid was a poly- 
(acrylic acid), and this posed difficulties. Higher 
molecular weight and concentration of acid 
increases strength and accelerates setting time. 
However, the viscosity of the liquid alsa increases 
as the molecular weight goes up, and clinical 
handling becomes difficult. In addition, the viscos- 
ity of the acid tends to increase during storage, 
which makes dispensing and mixing more difficult 
still, Subsequently, copolymers of acrylic acid with 
other unsaturated carboxylic acids, such as 
itaconic acid and maleic acid, Were developed, and 
these proved more reliable, easily handled and 
stored. As long as the polyacid is present in 
solution, however, the problem of increased 
viscosity with an increase in molecular weight or 
concentration remains. Hence the present trend 
is towards utilizing a dehydrated form of polyacid 
and incorporating it in the powder, Using either 
water or dilute tartaric acid as the liquid, The 
resultant mixed cement has a relatively low 
viscosity and is therefore easier to handle, and it 
is particularly suitable as a tucing cement. 

Because, in the anhydrous form, acids of higher 
molecular weight can be incorporated, the physi- 
cal properties of these cements are. generally 
superior, Certainly, shelf life is improved, hand- 
mixing on a glass slab is easier and a fine film 
thickness can be achieved more readily with the 
luting Cements. 

As with all dental restorative materials, the 
powder/liquid ratio has a significant bearing on 
ultimate physical properties. To a certain extent, 
the greater the amount of powder the higher the 
ulcimate properties, However, where there is 
insufficient liquid to wet the powder particles, a 
point will be reached where translucency will 
decline, in the presence of unreacted particles. 

Lower powder ratios are required with the 
luting cements so that aptimum film thickness can 
be achieved, Also, when using the cement in small 
quantities as a fining under other restorative 
materials, such as amalgam or gold, it is more 
readily handled with a lower powder content, and 
physical properties will not be of great signifi- 
cince. However, if it if to be a base Under 
composite resin then physical properties will be 
significant and a high powder/liquid ratio is 
Indicated. 


Hand-mixing of these cemencs is possible, but 
considerable variation in the powder contenr will 
result unless extreme care is taken in measuring 
out when dispensing. Hand-mixing at the higher 
powder/liquid ratios for the resrorative cenenrs 
is very difficult, and capsulation is strongly recom- 
mended as being the ideal method of dispensing. 
The powder/liquid ratio can be standardized, as 
well as the mixing time and therefore the setting 
time, Ultimate physical properties will then not 
be in doubt. 

When mixing mechanically, care must be taken 
ro see that the correct time is used according to 
the machine available. Manufacturers generally 
suggest 10 seconds with a machine capable of 
4000 cycles/min. These are generally known as 
‘ultra-high-speed) amalgamators, but some 
machines will prodiice up to nearly 5000 
cycles/min and may therefore over-mix and 
reduce working time 

The estimation of effective working time can be 

made by determining the ‘loss of gloss’ of the 
newly mixed material (see Box A, page 10). 
Careful observation of a sample mix will show 
when the gloss goes off, and placement of the 
‘cement after that point will risk failure. Working 
time should be at least 2 minutes from the 
completion of mix, and this.will normally be 
sachieved with a mixing time,of 7-0 seconds. A 
shorter mixing time may leave unreacted liquid 
visible in the cement, while a longer period will 
result in an unacceptably short working time. 

There is a degree of porosity incorporated in 
all of these cements, which ts Unavoidable. There 
appears to be a greater variation in the size of 
porosities when the cement is hand-mixed. 
Machine-mixed capsulated cement demonstrates 
similar porosity, but the volds are uniformly 
smaller, Surface porosity will result, on otcasion, 
in uptake of surface stain. 


Time to moture 


The setting reaction of the glass-ionomer 
cements can be described as an ionic cross- 
linking between polyacid chains, giving a rigidly 
bound polyacid/salt matrix, The initial cross- 
linking involves the more readily available calcium 
lons, producing an early set to allow removal of 
the matrix. However, these divalenc linkages are 


Trituration of capsules of glass-ionomer 
cements is not necessarily a straightforward 
procedure. Manufacturers give a recom- 
mended time for capsules in a so-called 
high-energy amalgamator, but it must be 
realized that not all amalgamators are the 
same and, probably more important still, all 
amalpamators can vary in the amount of 
energy dispensed on any given day. 


A high-speed amalgamator works at 
approximately 3000 cycles/min. 
Ultra-high-speed amalgamators work at 


approximately 4500 cycles/min. 


However, the number of cycles may vary by 
as much as 10% on either side of this figure 
under normal circumstances, and factors 
such as ambient temperature, power surges, 
manufacturer variation, and age of the 
machine can produce much greater differ- 
ences. The operator should therefore be 
prepared to check the state of the mix 
periodically to ensure a predictable and 
standard result. 


Check the efficiency of your machine by 
assessing the ‘loss of gloss’ of a freshly 
mixed capsule. 


Determining the ‘loss of gloss’ 


@ Mix a capsule for 10 seconds and express 
the contents onto a glass slab in a single 
pile. Start the timer (a). 


Bass EV, Wing G, The mixing of encapsulaned glass- 
ionomer cement restorative materials, Aust Dent | 
(1988) 33:243. 
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@ The material will have a wet glossy 
surface and will slump down on the slab 
without spreading out. 

@ Using a dental probe or small instrument, 
touch the top of the pile and lift the 
cement up. It should string up 2.0 cm or 
s0 from the top, then break away and 
slump back to its original shape (b,c). 

@ At some point, the glossy surface will 
begin to dull. The material will no longer 
string out as far as before, nor will it 
slump to its original form (dq). 

® Note the time. Subtract 15 seconds, and 
the remainder is the effective working 
time available at that mixing time with 
that machine. 

@ Vary the mixing time as required to set 
the correct working time for your situa- 
wien. 

@ Extending the mixing time may produce 
a mix that will flow better, but the rise 
in temperature produced by the increase 
in energy expended may reduce the 
working time quite dramatically. 

@ Reducing the mixing time may produce a 
mix that will flow more readily because 
not all the liquid has been utilized. 
Working and setting time will then be 
considerably extended but physical 
properties will be downgraded. 
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Determining the ‘loss of gloss’ (see Box A). 


not stable and are readily soluble in water. The 
setting reaction continues within the hard 
cement mass with further cross-linking by the 
less-soluble trivalent aluminium ions. This second 
phase produces an increase in physical proper- 
ties, along with a reduction in solubility, result- 
ing in a hard, stable, britthe material with a highly 
linked polyacid/salt matrix. It is possible to 
increase the speed of this reaction, with a 
dramatic reduction in the time taken for the 
development of the calcium polyacrylate chains 
and therefore an early resistance to water uptake 
and lowered solubility. This can be achieved at 
the manufacturing stage by the removal of excess 
calcium ions from the surface of the glass parti- 
cles, and this is the technique generally utilized 
for the fast-setting Type | and Type Ill cements. 

The alternative technique for protecting the 
setting reaction without interfering with the 
acid/base reaction is the inclusion of further resin, 


in particular hydroxyethyl methacrylate (HEMA) 
and other light-activated resins. This will produce 
dual cure cements that appear to be resistant to 
water uptake immediately after light curing, and 
will require no further protection. The presence 
of the additional resins will modify the acid/base 
reaction to some degree and slow it down but, 
in the long term, the entire restoration appears 
to achieve a complete set. It must be noted that 
the cement will only be set to the depth of the 
penetration of the curing light, so any necessary 
contouring should be undertaken with care, and 
final polishing delayed as long as possible. 
Application of a sealant is not required for water 
stability, but a final application of a glaze is desir- 
able to fill surface porosities and ensure the 
surface is smooth, 

In view of this immediate set, the use of the 
dual cure cements is not confined to Type Il.| 
restorative aesthetic restorations. They can be 
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used in a great variety of situations, and, particu- 
larly because of enhanced physical properties, 
they make an excellent base or dentine substitute 
under composite resin, and can be used as a Type 
2 restorative reinforced cement for a core 
build-up. 

However, with the auto cure cements the 
rapid setting times can only be achieved at the 
expense of colour and translucency, so that, if a 
Type Il.l restorative aesthetic cement is to be 
utilized, to obtain optimum results it is necessary 
to protect the setting cement against water 
uptake for some hours after placement. In certain 
materials physical properties at I5 minutes may 
be sufficient to allow contouring and polishing of 
the newly placed restorations. However, if 
disturbed at this point, there will be sufficient 
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Figure |.)4 


Relative efficiency of proprietary 
varnishes and a single-component. 
low-viscosity, light-activated bonding 
resin as sealants. to maintain water 
balance within the cement. The resin 
bond gives more water retention at 
24 hours and therefore better physi- 
cal properties and greater translu- 
cency. 

Control 

Proprietary varnish 
Low-viscosity, light- 
cured resin bonding 
agent 


Figure 1.15 


Class V glass-ionomer cement restorations in the 
upper-right canine and both bicuspids, 5 years after 
placement. They were sealed with a very low-viscosity, 
light-activated bonding resin and display excellent 
colour and translucency. 


water uptake to reduce the translucency to 
unacceptable levels, as well as to lower the physi- 
cal properties and, therefore, the attachment to 
dentine. 

The maintenance of water balance for 24 
hours allows optimum development of 
aesthetics and is recommended (Figures |.14 
and 1.05). 

Manufacturers provide a varnish to seal the 
newly placed restoration from the oral environ- 
ment, but this has proved to be less than ideal. 
The varnish has an evaporative vehicle incorpo- 
rated in it and therefore porosities are likely to 
appear as the vehicle evaporates (Figure |.16). lf 
the varnish is carefully applied and the vehicle 
evaporated, followed by a second coat carefully 
blown dry, a reasonable result can be achieved. 


(contd p. | 7) 
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Figure 1.16 


SEM of proprietary varnish recommended for sealing 
glass-ionomer cements, Note the relative porosity. 
Original magnification * /O00, 
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Figure |.17 


SEM of single-component very low-viscosity, light- 
activated resin bonding agent. Note the lack of poros- 
ity. Original magnification & | (0, 


Figure 1.18 


A confoca) optical microscope study of a section 
through a glass-ionomer cement restoration that has 
not been protected during setting and was subse- 
quently soaked in rhodamine B dye solution. Note that 
the cement has lifted off the dentine and there is 
severe degradation of the surface with penetration of 
the rhodamine dye to the full depth of the cement. 
(Courtesy of Dr TF Vatson.) 


Figure I.19 


The cement on the right of the illustration has been 
sealed with a very low-viscosity, light-activated resin 
sealant containing maleic acid (yellow band on the left 
of the illustration—the bright yellow line is the oxygen- 
inhibited layer on the surface of the resin). Note the 
excellent adaptation of the seal and the complete 
integrity of the cement. (Courtesy of Dr TF V¥atson.) 
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Figure 1.20 


Class | glass-ionomer cement restoration, placed in the 
occlusal surface of an extracted molar tooth. It was 
covered with a proprietary varnish and immersed in 
dye / minutes after placement. There is severe 
penetration of the dye into the cement. (Courtesy of 
Dr KR Smales.) 


Figure |.2| 


Similar restoration that has been sealed with a single- 
component, low-viscosity, light-activated resin bonding 
agent. Note the complete lack of dye penetration 
(Courtesy of Dr R Sales.) 


Figure |.22 


Glass-ionomer cement restorations on the- labial 
surface of both upper-central incisors. The restoration 
on the left-central was placed 2 years prior to the 
right-central and was protected with a proprietary 
warnish. Note the white defect on the leit-central, The 
restoration on the right-central was properly protected 
with a low-viscosity resin seal, 


Figure 1.23 


When the restorations are dried off, the white defect 
is More pronounced. However, the restoration in the 
right-central, which was protected at insertion with a 
light-activated resin bond, remains unaffected by 
dehydration. 
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Figure |.24 


Polishing back the restoration in the left-central shows 
that the defect penetrates through the entire depth of 
the cement. 


Figure 1.25 


Labial erosion lesions on the two upper-central incisors 
before treatment. 


Figure 1.26 


The lesions were restored with glass-ionomer cement 
5 years prior to this photograph, and were protected 
at insertion with copal varnish only. They appear to 
have been both hydrated and dehydrated during place- 
ment procedures, and require replacement. 


Figure |.27 

The restorations were replaced with another glass- 
lonamer cement and protected with a very low- 
wiscosity, light-activated bonding resin. They had been 
in place for 2 years when photographed, 
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Figure |.28 


Three Class W restorations placed on different 
occasions. The restoration in the upper-right canine 
was placed |0 years ago and was not properly 
protected. It therefore remains subject to dehydration 
and lacks translucency. The two bicuspids were 
restored approximately 5 years ago and were properly 
protected, 


Figure [.29 


Class V restorations in the upper-left central and lateral 
incisors, both of which were allowed to dehydrate 
shortly after placement. The restoration in the central 
incisor is cracked, and the one in the lateral has 
suffered bulk failure as a result. 


Figure 1.30 


Class W restorations in the upper-left central, lateral 
and canine. The upper-central restoration has been in 
place for over | year and was properly protected. The 
restoration in the canine was placed 6 months previ- 
ously and was regarded as mature. However, as the 
restoration was being placed in the lateral incisor, the 
cement in the canine dehydrated on the surface after 
approximately 10 minutes’ exposure to air, showing 
that even at 6 months it was not completely mature. 


Figure 1.31 


Class V restorations were placed in the upper-left 
canine and both bicuspids 24 hours previously, and they 
were protected with a generous coat of bonding resin. 
There are still small projections of resin remaining at 
the gingival margins, which may retain plaque and 
should be removed. 
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Careful drying should be carmed out for approx- 
imately 30 seconds for each coat of varnish 
before allowing the restoration to pet wet. 

The most efficient seal can be obtained by using 
one of the single-component, very low-viscosity. 
light-activated, unfilled bonding resins, which are 
part of the composite resin system, instead of the 
varnish (Figures (.17-1.19). le has been shown that 
lower Viscosity permits better adaptation of the 
resin to the cement surface, and therefore a 
better seal. Bonding agents that need to be 
premixed and contain an evaporative vehicle to 
reduce their viscosity will not be effective, because 
they are likely to be porous when set, therefore 
allowing water exchange through the resin film. 
The same applies to chemically activated bonding 
apents, which, of course, require hand-mixing, 
with the consequent potential for incorporation of 
air bubbles and porosities (Figures |,20—1.29). 

Recent work has shown that the layer of 
bonding resin will remain on the surface of the 
restoration for some time, depending upon the 
Vigour of the patient's brushing routine, Using 
a specially prepared Visio-Bond containing a 
fluorescent dye, specimens have been monitored 
for as long as 6 weeks, and have shown a reason- 
able quantity of resin still in place on the cement. 
In view of the prolonged chemical maturation that 
occurs With glass-ionomer cements, the contin- 
wed presence of the resin is desirable, 

It should be noted that if a new restoration less 
than 6 months old is to be exposed to dehydra- 
tion for longer than a few minutes, It is desirable 
to protect ie again with a further layer of unfilled 
resin band. After & months, the cement is gener- 
ally mature enough co withstand such stress 
(Figure 1.30). 

The only problem arising from the use of such 
a long-lasting sealant is that, with a Class V 
restoration, an artificial overhang may be created 
and, with a Class Ill restoration, the contact area 
may be closed by the resin, Both situations should 
be anticipated and appropriate precautions taken, 
An overhang can be removed at the time of 
placement by using a sharp blade to cut away 
from the restoration towards the tooth (Figure 
1.31). A closed contact can be re-opened later at 
the polishing appointmenr, if the patient has been 
unable co remove the resin. Mostly, the patient 
will succeed in restoring freedom. 

Most manufacturers maintain that their 
aesthetic restorative auto cure glass-ionomer 
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cement can be contoured and polished ar appren- 
imately 10-15 minutes after placement. Certainly, 
the cement will have achieved a degree of set 
such that polishing can be carried out, but only 
at the sacrifice of translucency and aesthetics, 
Boch water uptake and water loss within the first 
24 hours will downgrade the physical properties 
and appearance of all these cements, and It is well 
worth while delaying the final finish for at least a 
day—preferably a week—if optimum results are 
required (Figures |.32—|.35), 

Some manufacturers provide a very low- 
viscosity resin sealant for their dual cure 
cements—not to control water exchange but to 
seal the surface porosities, The concept is sound 
inv as much as the surface, following contouring 
and polishing, will be rather porous and slightly 
rough, The very low-viscosity resin may seal the 
sunfface and make the restoration smoother. 
However, care must be taken to ensure there ls 
no overhang left behind, 

It has been suggested in the pase that it is 
necessary ta cut a shallow finish line along che 
incisal margin of a Class V erosion lesion because 
the cement is likely to ‘ditch’ along that margin if 
left in thin section. However, providing the 


cement is protected a5 Siiggested with 4 


completely waterproofsealantand is thus allowed 
ro mature fullyothen the cement will survive satis- 
factorily even though in thin secnian (Figure | 34). 

The chemistry of the fast-setting Type |, Type 
i reinforced and Type Ill cements has been 
modified to the extent that they are relatively 
resistant to water uptake within & minutes of the 
start of mix. They are, however, still subjece to 
dehydration for up ta 2 weeks after placement. If 
left exposed for 10 minutes, they will visibly crack 
and craze, and attachment to enamel and dentine 
will fail, If, for example, a quadrane of cavities has 
been exposed under rubber dam and glass- 
lonomer cement is to be used as a lining, the 
teeth should be restored one at a time. The lining 
should be placed and, as soon a5 It is set, covered 
with the final restoration, If a Type Il reinforced 
cement is to be used as the restoration then it 
should be protected against dehydration with an 
unfilled resin bond while the remaining restera- 
tans are being placed. Once the cement is 
covered or is Immersed in saliva, it i safe from 
further dehydration (see Figure 4.27). 

The corollary to this rapid-setting mechanism 
is that the Type (1.2 reinforced restoration can be 


completed all the way to a final polish, beginning 
46 minutes after the start of mix. Once the initial 
set is achieved, it can be contoured and polished 
to a very fine surface, using ultra-fine diamonds 
followed by graded rubber polishing points under 
air/water spray, faking care not toa dehydrate. 


Adhesion to enamel and dentine 


A diffusion-based adhesion can be obtained 
between the cement and the dentine or enamel, 
Wilson has described an ion-exchange layer that 
is visible under the scanning electron microscope 
and represents the chemical Union between the 
two. He suggests that the poly(alkenoic acid) 
attacks and penetrates the tooth structure, 
displacing phosphate tons. To maintain electrolytic 
balance, it is necessary that each phosphate jon 
take with ita calcium ion, These are taken up into 
the cement adjacent to the tooth, and produce 
an ton-enriched layer chat is firmly bound to both 
enamel and dentine. The strength of both the lon- 
enriched layer and its union to the tooth have yer 
to be measured. 

Because of the relatively low tensile strength of 
the cement, failure of the union will normally 
occur within the cement rather than at the inter- 
face between the cement and the tooth, so that 
the stronger the cement, the better the adhesion 
(Figures |.36—1.42). This presupposes, however, 
that the interface is clear of debris such as saliva, 
pellicle, plaque, blood and other contaminants 
(Figures |.43-1.45). In the clinical situation this 
can be achieved by conditioning the cavity surface 
with a brief application of 10% poly(acrylic acid), 
This is a relatively mild acid that will dissolve the 
smear layer within 10-15 seconds, although if left 
for longer than 20 seconds, it is likely to begin to 
demineralize remaining dentine and enamel and 
open up dentinal tubules. There are two 
additional advantages in using this particular 
material for conditioning the dentine. Firstly, since 
it is the acid utilized in the cement itself, any 
residue inadvertently left behind will not interfere 
in the setting reaction, and, secondly. it will 
enhance the wettability of the tooth surface and 
pre-activate the calcium and phosphate jons in che 
dentine and render them more available for ion 
exchange with the cement (Wilton and McLean, 
| 988). 


If chemical union is to be relied upon to retain 
the restoration in a Class V erosion caviry, it |s 
recommended that the surface of the tooth be 
cleaned first with a slurry of pumice and water 
(Figures | 46—|.48). Note that most proprietary 
polishing pastes will leave a smear layer behind, 
so plain pumice and water is preferred. The 
surface should now be conditioned with |0% 
poly(acrylic acid) for 10-15 seconds only. This 
will remove any remaining debris and pre-activate 
the calcium jans in the dentine (Figures 1.49 and 
|.50), No cavity preparation is required. On the 
ether hand, if chemical adhesion [s not required, 
as with a lining under amalgam or gold, then 
conditioning the dentine ls an unnecessary step 

It should be noted that an alternative to 
removing the smear layer is to apply a mineraliz- 
ing solution, such as Causton’s ITS solution (sec 
Box B. page 26) or 25% tannic acid, which will 
rend to unite the smear layer ta the underlying 
dentine and enamel and seal over dentinal 
tubules, This is the recommended technique 
when using glass-ionomer cement as a luting 
agent for full crowns. Considerable hydraulic 
pressure may be generated during the seating of 
crowns, and it is better to seal the tubules rather 
than open them wp prior ta placement A 2- 
minute application of either Causton's ITS 
solution or 25% tannic acid will offer protection 
and help to prevent post-insertion sensitivity, 


Fluoride release 


As with silicate cement, fluoride is used as a flux 
duinng the manufacture of the glass powder, and 
it is then incorporated within the glass in the 
form of extremely fine droplets. Some fluoride is 
available from the powder particles themselves, 
but there is a considerable release following 
mixing with poly(alkenoic acid). The initial peak 
may be quite high, but the flow will decline fairly 
rapidly over the next 2-4 months to finally stabi- 
lize at a low but steady level (Figure 1.51), 
Maintenance of this level has now been 
monitored for at least five years without a signif- 
icant decline (Forsten, 1993), The dual cure 
cements appear to follow the same pattern, but 
of course they have not yet been monitored over 
the same length of time. Since the fluoride ts not 
a part of the matrix of the cement, the fluoride 
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Figure 1.32 


Class V restoration on the upper-left canine immedi- 
ately after placement. Note the relative lack of trans- 
lucency. 


Figure 1.33 


The same restoration following polishing, | week after 
placement, There is an improvement of colour match 
and translucency. 


Figure |.34 


Class V erosion lesions in the upper left canine: first 
and second bicuspids were restored five years previ- 
ously and protected with a resin-bonding agent. The 
restorations have not Been polished at all and have 
retained the original surface from the matrix. Note also 
that, even though a finish lime was mot cut in the 
dentine along the incisal margin, the excess ‘flash’ 
remains intact. 


Figure |.35 


Class W glass-ionomer cement restoration in a group 
of upper anteriors, extending from the left-central 
incisor to the right canine, about 4 years after place- 
ment, showing complete maturity and stability. 
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Figure 1.36 


A, theoretical diagram showing the development of the 
ion exchange between the cement and the tooth 
surface. Mote thar the poly(alkenoic acid) chains 
actually penetrate the surface and displace phosphate 
ions, releasing them into the cement. Each phosphate 
ion takes with it a calcium ion to maintain électrolytic 
balance, thus leading to an ion-enriched layer. 


Figure |.37 


SEM showing the ion-exchange layer between the glass-ionomer cement 
and the dentine. The layer is firmly adherent to the dentine, and separa- 
— ; tion has occurred in the cement due to dehydration during preparation of 
SF ee the specimen for the SEM. Original magnification * 500. 


Figure |.38 


SEM showing the ion-exchange layer remaining on the dentine after 
complete loss of the cement. Original magnification * 900. 
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Figure 1.39 


The union between glass-ionomer cement and both 
enamel and dentine examined through a confocal 
optical microscope. This technique does not require 
dehydration of the specimen before viewing, and there- 
fore there are no artefacts present such as occur when 
preparing a specimen for viewing under a scanning 
electron microscope, Note the intimate union between 
the three materials: enamel top right, dentine bottom 
right and cement on the left. (Courtesy of Dr TF 
Watson.) 


Figure |.40 


The union between glass-ionomer cement and dentine 
viewed under a confocal optical microscope. 
Rhodamine B was added to the water used to 
rehydrate the cement. Examination of the interface 
between the cement and the dentine now reveals 
fluorescent dye uptake into both the dentine and the 
cément, possibly confirming the ion exchange between 
the two. (Courtesy of DOr TF WVatson.) 
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Figure |.4] 


SEM showing the union between a dual cure cement 
and dentine, Note that in this specimen there has been 
some separation in the dentine rather than at the ion- 
exchange layer, presumably because of the increased 
tensile strength of this cement. Original magnification * 
loo. 


Figure |.42 


SEM showing the union between a dual cure cement 
and enamel, As in Figure |.4], there is some separa- 
tion in the enamel—presumably for the same reason. 
Original magnification * | 000, 


Figure |.43 


SEM showing the smear layer left on the dentine surface following cavity 
preparation at slow speed. Note that in the oral cavity there will be an 
admixture of plaque, pellicle, saliva and blood. If the ion-exchange layer is 
to be developed (Figure |.37), the smear layer should be removed. Orginal 
magnification < [000 
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Figure |.44 


Dropper bottle used for the application of 10% poly(acrylic acid). The 
lumen occasionally may be occluded by the acid setting in it, but can be 


washed out. 


Figure 1.45 


SEM showing the surface of the dentine after a |10—!5-second application 
of 10% poly(acrylic acid). Nore that many of the dentine tubules are still 
occluded but the surface is relatively clean. Original magnification * 900. 
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Figure 1.46 


SEM showing the surface of an erosion lesion prior to cleaning. The 
accumulation of plaque will inhibit the development of the required ion- 
exchange layer. Original magnification * 900 
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Figure |.47 


Slurry of pumice in water. This is the preferred 
material for removing plaque from the surface of an 
erosion lesion. 


Figure |.48 


SEM of an erosion lesion after cleaning with a slurry of pumice in water 
for 5 seconds. Note that generally all the dentinal tubules are closed over 
by burnished dentine. Original magnification * 900. 


Figure |.49 


Cleaning an erosion lesion with a slurry of pumice in 
Water, 
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Figure 1.50 


Conditioning the surface with 10% poly(acrylic acid), 
following cleaning. The area should be washed 
thoroughly after 10-15 seconds. 


Figure 1.51 


A graph showing the release of fluoride over time from 
an average glass-ionomer cement (after Forsten). The 
steady level of release has now been observed over 5 
years. Note the possibility for fluoride uptake follow- 
ing a professional topical fluoride application. 


Figure |,52 


An erosion lesion at the gingival margin of the crown 
on the lower-right first bicuspid was repaired with 
glass-ionomer cement approximately 5 years ago. The 
gingival margin of the cement is 2 mm, within the gingi- 
val crevice, Note the excellent condition of the gingi- 
val tissue lying over the cement because of the 
resistance to plaque build-up resulting from the fluoride 
release, 


Figure [.53 


Class WV glass-ionomer cement restorations on the 
lingual of the lower-left lateral and canine, There is an 
accumulation of calculus and plaque on the adjacent 
teeth, However, presumably because of the fluoride 
release, there is a relative lack of plaque accumulation 
on the cement. 


BOX B CAUSTON’S ITS SOLUTION © 
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The following is the formula for the mineralizing solution recommended for attaching the 
smear layer onto the dentine and sealing dentinal tubules. This solution can be made up by 
a pharmacist and is chemically stable for 18 months and longer. 


Component g/litre 
CaCl, 0.20 
KCI 0.20 
MgCl.6H,O 0.05 
NaCl 8.00 
‘ie aHCo, 1.00 
NaH,PO,.H,O 0.05 


Glucose 1.00 
Adapted from Causton BE, johnson AV, 
Improvement of polycarbowylate adhesion to dentine 
by the use of a new calcifying solution, Br Dent | (1982) 
152:9-1 1, 


release is not deleterious to the physical proper- 
ties. It has been suggested that there is, in fact, a 
fluoride exchange available, with fluoride ions 
returning to the cement from external applica- 
tions of fluoride at a later date if the fluoride 
gradient is in the right direction. Thus topical 
fluoride and the use of a fluoride toothpaste may 
provide a ‘topping-up’ effect (Figure 1.51). 

In the presence of continuing fluoride release, 
plaque is less likely to accumulate on the surface 
of the restoration (Figure 1.52), and, since there 
is no microleakage at the margin, both tissue 
tolerance and colour stability are of a very high 
order (Figure 1.53). 


Soft tissue tolerance 


The soft tissues of the oral cavity as well as the 
dental pulp demonstrate a very high level of toler- 


ance to the presence of glass-ionomer cement. 
The poly(alkenoic) acids of the system are 
relatively mild acids with long and complex 
molecular chains, which will not readily penetrate 
dentine tubules, and the dentine itself is a very 
effective buffer to acids in general. Also, when 
reacted with the glass powder, the toxicity of the 
poly(alkenoic) acids is still further reduced. 
Derivatives from the glass-ionomer cements are 
now used in surgery as bone replacements, and 
it has been shown that soft tissues adapt very 
intimately to the cement. 

Studies of the dental pulp have shown that 
there may be a very mild inflammatory response 
to the presence of freshly mixed glass-ionomer 
cement, followed by a rapid recovery over a 
period of a few days. Recent work has shown 
dentine bridging over a mechanical exposure 
created in an otherwise healthy pulp (C.VV. Cox, 
Alabama, personal communication). 


Description of glaxsonomer cenencs 


It has been accepted for some years that pulpal 
irritation is the direct result of bacterial activiry 
only, so if there are no bacteria present there will 
be no inflammation, Lining materials are not 
expected to provide a therapeutic effect on the 
pulp, bur if they provide a complete seal then 
bacterial activity cannot progress. [his suggests 
that plass-lonomer cement, through its ionic 
union with tooth structure, will be an ideal 
sealant for a cavity, preventing the ingress of 
bacterial nutrients and reducing any that may be 
present to a spore form, 

It ig suggested, therefore, that glass-ionomer 
cement can be placed in close proximity to the 
pulp without the risk of developing an irreversible 
pulpal inflammation, and the laying down of a 
further sub-lining under this cement is not justi- 
fied, Furthermore, softened, affected, demineral- 
zed dentine can be safely left under a 
glass-ionomer restoration, providing the margin is 
completely sealed around its full circumference. 

Other researchers have shown an almost 
complete inhibition of the growth of Streptococcus 
mutans on the surface of glass-ionomer cement 
along with a reduction in the growth of many 
other bacterial species. This is postulated to be 
because of the presence of the fluoride release, 
and can be readily confirmed by observation in 
the oral cavity, The free fluoride lons will also be 
taken up into adjacent tooth structure and modify 
the surface wertability, thus further reducing the 
ability of plaque to grow in chat vicinity. It is nor 
possible to develop a smooth glossy surface on 
the cement, but nevertheless bacterial plaque fails 
to thrive to the extent that restorations that are 
subgingival will not irritate the gingival tissues and 
take up very little stain (Figures 1.52 and |.53). 


Physical properties 


Work is in progress on improving the physical 
properties of glass-ionomer cements, and it ts 
anticipaced that the next generation will extend the 
clinical applications of this group of materials quite 
markedly. Theoretically, flexural strength can be 
improved by the inclusion of a disperse phase. and 
this has been tried but is not yet clinically proven. 
Amalgam alloy particles have been added, bur, 
since there is no union between the metal and the 
cement, physical properties remain virtually 
unaltered, The inclusion of very finely powdered 


pure silver particles, which are sintered to the 
surface of the glass powder, has been shawn to 
produce a notable improvement in abrasion resis- 
tance. However, other physical properties are only 
moderately improved and, in fact, adhesion to 
dentine and enamel may be slightly reduced. 

The inclusion of additional resins in the dual 
cure cements has led to an improvement in 
compressive and tensile strength, as demon- 
strated in the shear/punch test, to the point 
where the strength of che glass-lonomer cements 
is coming close to that of the micro-filled 
composite resing (see Figures |.6 and 1.7), 
However, they are still not capable of rebuilding 
a marginal ridge or an incisal corner. 

Variations to the basic constituents of the 
glass-ionomer cements are being subjected to 
experimentation and increases in physical proper- 
ries may result. However, the essential elements 
of this group of cements will always be the ionic 
bond available between the cement and tooth 
structure through the presence of poly(alkenoic 
acid), as well as the fluoride release. Inclusions in 
the formula that reduce the effectiveness of the 
poly(alkenoic acid) or, indeed, eliminate the acid 
entirely will remove that cement from this highly 
successful group of restorative materials. The 
non-glass-ionomer cements discussed on pages 4 
and 7 fall Tito this category, and. in spite of appar- 
ently greater physical properties in some of the 
materials, they should not be confused with true 
plass-lonomer Cements, 


Fracture resistance 


At the present stage of developmenc, the pliysi- 
cal strength of che material is sufficient to 
withstand moderate occlusal load, provided It ts 
well supported by surrounding tooth structure, Ir 
is not recommended for rebuilding cusps or 
marginal ridges to any extent, particularly in the 
patient who is likely co exert heavy occlusal 
stress, Resistance to tensile and shear stresses 15 
such that it should not be relied upon as sole 
support for a crown, for example. The Type Il? 
restorative reinforced version is valuable as a 
core build-up because it is possible to proceed 
immediacely to the final preparation of the tooth, 
However, the cement requires considerable 
support itself from remaining tooth structure 
(Figure |54). 
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Resistance to shear stress is mot good. For 
example, although it has an excellent record for 
the restoration of erosion lesions, it will not be 
retained on the labial surface of lower anterior 
teeth that have been abraded through a deep 
overbite and then suffered further erosion. 
Although there is room for the cement without 
interfering with the occlusion, the shear stresses 
are too great (Figure |.55). 


Abrasion resistance 


The degradation of the material in the oral cavity has 
yet to be studied fully, but longevity studies suggest 
that a well-placed glass-ionomer cement will stand 
heavy abrasion better than remaining tooth struc- 
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Figure 1.54 


Core build-ups using a cermet cement on two upper- 
right bicuspids. There is still sufficient natural tooth 
structure left to accept the occlusal load, thus compen- 
sating for the relative lack of tensile strength in the 
cement. 


Figure 1.55 


Three lower anteriors in a patient with a very deep 
overbite. Considerable abrasion has removed all the 
enamel, and subsequently the dentine has been 
subjected to erosion. As there was sufficient space 
available, glass-ionomer cement restorations were 
placed on all three, but they all failed because of the 
extreme shear stresses, The only surviving cement is 
the gingival section on the canine, which was beyond 
the incisal edge of the opposing canine and therefore 
free of direct stress. 


ture, provided that the powderiliquid ratio is high 
enough (Mount, |986) (Figure 1.56). The presence 
of finely powdered silver particles on the surface of 
the glass, as in the Type Il.2 restorative reinforced 
cement, will increase abrasion resistance to the stage 
where it is similar to amalgam and composite resin. 

In the laboratory the dual cure cements appear 
to demonstrate a similar resistance to abrasion. 
However, this is the one property that cannot be 
adequately reproduced out of the oral cavity, so 
a decision will only be made over time. 


Dimensional stability 


The auto cure cements show a limited degree of 
setting shrinkage (up to 2—-3%) over a short period 
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Figure 1.56 


(a) Class W ASPA restoration in an upper-left canine, 

[2 years after placement. There is further erosion in 

the tooth structure beyond the cement restoration. 

Despite the rather poor quality cement, it fas 

maintained its contour well. (b) Same restoration as (a). 

The restorations in the central and lateral incisors have 
6b been in place for 4 years. 


Figure 1.57 


Tunnel restorations in the upper-right first and second 
molars using a cermet cement show radiopacity very 
similar to amalgam. 


Figure 1.58 


A bitewing radiograph of dual cure restorations in 
upper and lower first deciduous molars, showing 
contrast with tooth structure sufficient to allow future 
monitoring of the restoration. 


An atlas of gloss-tonomer cements 
Type IL.! restorative aesthetic 
Dual cure 
@ Contour and polish immediately after light activation, working from restoration to tooth 
only. 


@® Begin with fine polishing diamonds at intermediate high speed (40 000 revolutions/min) 
under air/water spray. 

® Continue with ever-finer diamonds at lower speeds, still under air/water spray. 

@ Finally complete using aluminium oxide graded polishing discs at slow speed under 
air/water spray, then seal with a low-viscosity resin glaze. 


Auto cure 

® Because of the slow-setting chemistry, do not attempt to contour or polish the cement 
for at least 24 hours. 

@ Gross contour can be achieved with very fine sintered diamonds under air/water spray 
at 20 000 revolutions/min. 

e Refine the surface with graded rubber polishing points and cups at 5000 revolutions/min 
under air/water spray. 

® Finish to a gloss with graded polishing discs at 3000 revolutions/min under air/water 
spray, then seal with a low-viscosity resin glaze. 


Type Il.2 restorative reinforced 

@ Because of the rapid-setting chemistry, these cements can be contoured and polished 
beginning at 6 minutes from the start of mix. 

e Gross contour can be achieved with very fine sintered diamonds under air/water spray 
at 20 000 revolutions/min. 

® Refine the surface with graded rubber polishing points and cups at 5000 revolutions/min 
under air/water spray. 

@ Interproximal surfaces can be contoured and polished with the Profin Directional System 
equipment using diamond or polishing blades. 


A selection of polishing cups and points, finish- A selection of graded fine diamond polishing 

ing and polishing discs. stones. Note the colour coding from moderately 
coarse to extra fine, allowing for rapid develop- 
ment of a fine surface. 
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of time. However, because it is a chemical set, the 
shrinkage will occur inwards coward the cavity 
floor and the ion-exchange union with the tooth 
structure will not be subjected to undue stress. 
Subsequent water uptake will compensate for the 
shrinkage and the restoration will stabilize over 
the next week or so after placement. 

The situation is modified by the inclusion of 
additional resins in the dual cure cements, partic- 
ularly the inclusion of HEMA which is very 
hydrophilic. The acid/base reaction will begin as 
the cement is mixed and the ion-exchange mecha- 
nisin With the tooth will commence immediately 
the cement is placed into the cavity, The applica- 
tlon of the activator light, however, will bring 
about an immediate setting reaction in the resin 
component of the cement with a shrinkage up to 
(%. Since the extra resins represent less than 5% 
of the total restoration the shrinkage is not 
expected to direct undue stress on to the chemi- 
cal union with the tooth. The acid/base reaction 
will chen continue at a somewhat reduced rate 
and the ‘dark cure’ phase of the setting mecha- 
nism of the additional resins will reach comple- 
tion within a short period of time. 

The early dual cure lining cements showed a 
considerable water uptake over 90 days with an 


increase in volume and a reduction in physical 


properties, The restorative dual cure’ cements, 
however, show a very small water uptake over the 
same period of time and maintain their physical 
strength very well. The increase in volume (s in 
the order of 3% and is of no clinical significance. 


Radiopacity 


It js desirable that an interproximal restoration 
in a posterior tooth be able to be differentiated 
radiographically from dentine or recurrent caries 
so that changes can be reliably monitored, These 
cements can be made radiopaque through the 
selection of an appropriate glass or the inclusion 
of radiopacifiers such as barium sulphate or 
metals such as silver. Generally the radiopacity 
of the dual cure cement comes from the glass 
and comfortably exceeds thac of dentine, The 
colour and translucency are not affected, so they 
can be placed universally even if monitoring with 
X-rays is not appropriate (Figures 1,57 and 
|.58). 


The original auto cure Type Il.!| cements are 
generally radiolucent. and the inclusion of 
radiapacifiers tends to modify the colour, so they 
are not recommended for the restoration of 
cavities where monitoring with *-rays is required, 


Polishing 


The process of producing a fine surface on any 
restorative material is one of reducing the depth 
of the scratches that have developed during 
recontouring. With the glass-ionomer cements, 
the smoothest surface will be that developed 
under the matrix. The surface will be mildly 
porous and mactrix-rich, with very few glass parti- 
cles showing and, prior to full maturity, very 
susceptible to damage. As far as possible, particu- 
larly early in the life of the restoration, any reshap- 
ing should be kept to a minimum and the surface 
developed by che macrix should be maintained, 

All the fast-setting cements, including the dual 
cure cements, can be trimmed and contoured as 
soon as they are set. Gross contour can be 
modified wsing a sharp blade moving only from 
the restoration to the tooth 6 avoid stressing 
the newly forming ion- -exchange layer. Any 
additional contovring should be carried our with 
rotary instruments, beginning at intermediate high 
speed (20000-40000 revolutions/min) and 
reducing the speed with the finer Instruments. 
Always work under air/water spray to avoid 
dehydration. 

Initially, particularly with the dual cure cements, 
use fine graded diamond polishing burs, beginning 
with the relatively coarse stones and changing to 
finer ones for a better finish. The ultimate surface 
can be developed with fine graded aluminium 
oxide discs, scill under air/water spray, The quality 
of the finished surface will depend in part on the 
glass particle size of the cement and in part on 
the degree of porosity, Inevitably the cement willl 
be porous because it Is a two-part mixed 
material, Generally capsulaped machine-mixed 
cements show many fine porosities, while hand- 
mixed ones have fewer burt larger defects, 

Application of a very low-viscosity resin glaze 
over the final surface will fill the porosities and 
leave an even better surface, but care must be 
taken not to leave an excess of glaze and so 
forming a ledge or overhang. 
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of crowns and bridges, and it is reasonable to 
question the need to replace them. They are 
apparently safe to use and relatively insoluble, and 
last many years. The zinc polycarboxylate 
cements were developed in the middle 1960s and 
offered the possibility of adhesion to both tooth 
structure and noble metals. However, their 
tensile strength was low, and therefore the 
promised adhesion was relatively short-lived. 

The glass-ionomer cements also show adhesion 
to tooth structure, but their tensile strength is no 
greater than the zinc phosphate cements. 
Therefore they cannot be used to retain a casting 
that does not demonstrate a good firm fit in the 
first place. Shortcomings in design cannot be 
compensated by an ‘adhesive’ cement as long as 
the tensile strength of the cement is low. The 
question then is why one should use a glass- 
lonomer cement instead of a zinc phosphate one. 

The following factors are in favour of glass- 
ionomer cement: 


Figure 2.2 

Diagram showing the 
water balance of the 
Type | glass-ionomer 
cements. Note that 
they are resistant to 
water uptake within 
about 5 minutes of the 
start of mix, but 
remain subject to 
water loss for about 2 
weeks after place- 
rent, 


® The tensile strength of both cements is 
similar. 

® The solubility of glass-ionomer cement is 
significantly lower, 

® The thixotropic flow properties of the glass- 
ionomer cement allow for easier placement 
of the prosthesis without the need to retain 
pressure during setting. 

@ It is easier, therefore, to achieve an accept- 
able ultimate film thickness. 

@ The potential for post-insertion sensitivity is 
the same for both cements. 

® There is the potential for an ongoing fluoride 
release with the glass-ionomer cement. 


Wvhen comparing glass-ionomer and = zinc 
phosphate cements with resin cements, the 
following factors should be taken into account: 


@ ‘With the resin cements mechanical adhesion 
with underlying tooth structure may be avail- 
able following etching of the dentine. 
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2 Type I: Luting 
cements 


Description 


The chemistry of the luting cements is essentially 
the same as the others in this group of materials. 
However, the size of the powder particles is finer, 
to ensure achievement of an ultimate film thick- 
ness at an acceptable level. This involves compro- 
mise in that, with the finer particle size, working 
and setting times are reduced but physical 
properties are improved. Flow properties are 
such that placement of a restoration to its full 
extent is relatively easy and, unlike the zine 
phosphate cements, it is unnecessary to maintain 
positive pressure oon the restoration during the 
setting period (Figure 2.1). 

Unlike the zinc phosphate cements, it is not 
possible with the luting cements to vary the 
setting time to any extent. YWVith the former, chill- 
ing the slab and adding the powder in small incre- 
ments gives the clinician some degree of control 
of working and setting times. However, the 


viscosity is somewhat higher in the first place, and 
it is necessary tO Maintain positive pressure after 
placement to ensure that the appliance does not 
lift off the tooth before the cement is set. Under 
these circumstances, venting a crown 1s desirable. 

With the glass-ionomer cements, there is a 
rapid ‘snap’ set, whether the slab is chilled or not 
and regardless of the rate at which the powder 
is incorporated into the liquid. Increase in viscos- 
ity and achievement of a snap set varies berween 
products, and the anhydrous types tend to allow 
longer working time before becoming too viscous 
to permit full placement of the restoration 
(Figures 2.3 and 2.4), 


Reasons for use 


The zinc phosphate cements have now been in 
general use for many years for the cementation 


Figure 2.1 


A, porcelain-bonded-to-metal crown that was removed 
about 2 years after placement because of loss of porce- 
lain. It has been cut in two to show the cement still 
attached to the gold rather than to the tooth. Note 
also the even layer of cement over the entire surface, 
although the crown was not vented. 
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of crowns and bridges, and it is reasonable to 
question the need to replace them. They are 
apparently safe to use and relatively insoluble, and 
last many years. The zinc polycarboxylate 
cements were developed in the middle |960s and 
offered the possibility of adhesion to both tooth 
structure and noble metals. However, their 
tensile strength was low, and therefore the 
promised adhesion was relatively short-lived. 

The glass-ionomer cements also show adhesion 
fo tooth seructure, but their tensile strength is no 
greater than the zinc phosphate cements. 
Therefore they cannot be used to retain a casting 
that does not demonstrate a good firm fit in the 
first place. Shortcomings in design cannot be 
compensated by an ‘adhesive’ cement as long as 
the tensile strength of the cement is low. The 
question then is why one should use a glass- 
ionomer cement instead of a zinc phosphate one. 

The following factors are in favour of glass- 
ionomer cement: 


| FASTSeT 


Figure 2.2 


Diagram showing the 
water balance of the 
Type | glass-ionomer 
cements. Mote that 
they are resistant to 
water uptake ‘within 
about 5 minutes of the 
start of mix, but 
remain subject to 
water loss for about 2 
weeks alter place- 
ment, 


@ The tensile strength of both cements is 
similar. 

® The solubility of glass-ionomer cement is 
significantly lower. 

@ The thixotropic flow properties of the glass- 
ionomer cement allow for easier placement 
of the prosthesis without the need to retain 
pressure during setting. 

@ It is easier, therefore, to achieve an accept- 
able ultimate film thickness. 

® The potential for post-insertion sensitivity is 
the same for both cements. 

® There is the potential for an ongoing fluoride 
release with the glass-ionomer cement. 


When comparing glass-ionomer and zinc 
phosphate cements with resin cements, the 
following factors should be taken into account: 


* YVVith the resin cements mechanical adhesion 
with underlying tooth structure may be avail- 
able following etching of the dentine. 
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Viscosity 


Figure 2.3 


Comparison of development of viscosity of 
freshly mixed cements and ability to allow 
complete seating. Note that zinc phosphate 
cement is initially more viscous but allows 
seating for longer than the glass-ionomers. 
(Adapted from @ilo and Evje, (986.) 


Figure 2.4 


Rapid development of viscosity in glass- 
hanomer cements. All  glass-ionomer 
cements tend to a ‘snap’ set once the 
viscosity begins to rise, so working time is 
not great. (Adapted from @ilo and Evie, 
[986.) 


A A cement containing dehydrated 
polyacrylic acid) in the powder and 
using water as the liquid 

B <A cement which uses poly(acrylic acid) 
as the liquid 

C A cement containing dehydrated 
poly(maleic acid) in the powder and 
using dilute tartaric acid as the liquid. 


The tensile strength of the resin cements is yet fully explored. 

greater than that of the other two. @ Ultimate film thickness with the resin 
The effect of long-term hydrolytic breakdown cements is unacceptable. 

with the resin cements is not yet fully © There is no fluoride release with the resin 
explored. cements. 


Pulp compatibility of the resin cements is not @ The resin cements are essentially insoluble. 
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Significant factors 
Powder/liquid ratio 


Powder/liquid ratio is generally about |.5:1. A 
moderate increase in powder content is accept- 
able, although this may reduce the working time 
and, if increased too far, will give unacceptable 
ultimate film thickness. Reduction of the powder 


Figure 2.5 


The initial pH of luting cements is rather 
low at the time of mix. However, all three 
types rise quite rapidly following insertion 
of the prosthesis, (Adapted from Charlton 
et al, 1991.) 


Figure 2.6 


The powder/liquid ratio has a bearing on 
the speed at which the pH rises, A 25% 
reduction in powder content leaves the pH 
low for longer, thus increasing the risk of 
post-insertion sensitivity. (Adapted from 
Charlton et al, (991.) 


content by 10% will reduce ultimate physical 
properties to a significant degree and may prolong 
the setting time. The pH of the newly mixed 
cement is normally quite low—approximately pH 
|.8—but with the standard mix it will rise to pH 
4.5 within the first 30 minutes. In the presence of 
a reduced powder content the pH will remain 
low for a prolonged period, resulting in a possi- 
ble post-insertion sensitivity (Figures 2.5 and 2.6). 


(contd p. 40) 
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Clinical application 
Vital tooth 


Figure 2.7 


Cementation of crowns on three upper anterior teeth. 
The temporary crowns have been removed and 
remaining temporary cement gently taken off without 
scrubbing. 


Figure 2.8 


The teeth are washed only and not conditioned with 
polyacrylic) acid so that the smear layer is retained. 
The surface can be sealed with ITS solution if there is 
a risk of post-insertion sensitivity (see Box B, page 26). 


Figure 2.9 


Mix the cement at the correct powder/liquid ratio to 
the correct consistency within 25 seconds. Do not 
over-spatulate. The cement should string up 2-3 cm 
from the slab before breaking and slumping back. 


Figure 2.10 

Apply cement to the inside of the crown with a fine 
bristle brush, making sure to paint the margins in 
particular, 
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Figure 2.11 


Paint a small quantity of the cement onto the tooth. 


Figure 2.12 
Seat the crowns and apply firm positive pressure with 


an orange wood stick. Once the crowns are seated 
fully, there is no need to maintain pressure. 


Figure 2.13 

Wait until the cement is set to the stage where it 
cannot be indented with a sharp instrument, and 
immediately remove the excess from the margins. Do 
not delay, because the cement will continue to harden 
and become more difficult to remove. 


Figure 2.14 


Carefully remove all debris from within the gingival 
crevice, 
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Figure 2.15 


The cemented crowns | week after insertion. 


Non-vital tooth 


Figure 2.16 


Cementation of a post and crown on an upper-right 
lateral incisor. The temporary crown and post have 
been removed and the preparation cleaned. 


Figure 2.17 

The root face and posthole are conditioned with [0% 
poly(acrylic acid) for 10-15 seconds to remove the 
smear layer and enhance retention. 


Figure 2.18 


The area is washed thoroughly and dried with alcohol, 
paying particular attention to the apical end of the 
posthole. 
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Figure 2.19 


Cement is mixed as required and a litthe painted onto 
the post. 


Figure 2.20 


Cement is wound into the posthole using an engine- 
driven Lentulo spiral or similar. The canal is filled to 
the top. 


Figure 2.21 


The post is positioned and adequate pressure applied 
to seat it using a wooden spatula. There is mo need to 


maintain pressure. 


Figure 2.22 


The inside of the crown is painted with cement using 
a small, stiff-bristle brush. 
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Dispensing in capsules and machine-mixing is 
the best method of control, and will ensure 
standard repeatable results. If mixing is to be 
carried out by hand, the working time can be 
extended to a limited degree by chilling the slab 
and the powder—but not the liquid—to a 
temperature just above the dew point. 


Time to mature 


Under many circumstances, the gingival margin 
of a restoration will be subgingival and so 
impossible to isolate during cementation. It is 
therefore desirable for luting cements to be 
fast-setting and to have high resistance to water 
contamination within 5 minutes of the start of 
mix. It is then unnecessary to seal the cement 
under a waterproof varnish or resin bond. It 
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Figure 2.23 


The crown is positioned and pressure applied with a 
wooden spatula. There is no need to maintain pressure. 


Figure 2.24 


The finished crown about 6 months after cementation. 


should be noted, however, that the cements 
remain subject to dehydration if left isolated for 
longer than 10 minutes from the start of mix. 
This means that water balance must be 
maintained by releasing the cement to the oral 
environment within that time. 


Adhesion to enamel and dentine 


It is possible to develop chemical adhesion to 
dentine and enamel, and it is also possible to gain 
a degree of adhesion to noble metals by coating 
the fitting surface of the restoration with a 2-5 
uum layer of tin oxide. Of course, for restorations 
constructed by an indirect technique retention 
should be derived from the design of the prepa- 
ration and the fine fit of the restoration. The 
luting cement should be present only to seal the 
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interface between restoration and tooth, and 
should not be relied upon to provide adhesion. 


Cementation on vital teeth 


In cementation of a full crown it is possible to 
develop considerable hydraulic pressure, so it is 
undesirable to open up dentinal tubules to any 
degree at all. Therefore conditioning the surface 
of the dentine and removing the smear layer with 
mild acids, such as |0% poly(acrylic acid), is 
contraindicated. If preparation of the dentine is 
desired then a solution such as Causton’s ITS 
solution (see Box B, page 26) or 25% tannic acid 
should be applied for approximately 2 minutes 
prior to cementation, Either of these will seal the 
smear layer onto the surface and cover dentinal 
tubules. 

An alternative is to apply the new generation 
of dentine-bonding agents which contain a 
poly(alkenoic acid), in particular maleic acid, 
because these will form a hybrid layer similar to 
the ionic exchange layer developed by glass- 
ionomer cement. The best time to apply the bond 
is subsequent to making temporary restorations 
and taking the final impressions, and immediately 
prior to cementation of the temporaries. The 
tubules will then be sealed during the temporary 
phase, with a reduction of sensitivity both at the 
time of cementation and subsequently. 


Cementation on non-vital teeth 


If the restoration is being placed on a non-vital 
tooth, development of optimum adhesion is 
possible. The remaining tooth structure should be 
conditioned with an application of 10% poly(acrylic 
acid) for |10-IS seconds to remove the smear 
layer, washed thoroughly and then dried with a 
light application of alcohol. The dentine should 
then be dried but not dehydrated, and the cement 
applied without further contamination. 


Fluoride release 


Fluoride release is available, bur, in the light of the 
small quantity of cement present at the margin. it 
cannot be relied upon for reminéralization of 
adjacent and surrounding tooth structure. 


Pulp compatibility 


There has been some controversy concerning 
possible adverse pulp response and post-insertion 
sensitivity when using some cements in this 
group. However, there is a high degree of 
compatibility between the cement and the pulp 
under normal circumstances, and the dentine is in 
itself a very efficient buffer against variations in 
pH levels. Recent surveys suggest that the 
incidence of sensitivity is not, in fact, greatly at 
variance with other cements, such as the zinc 
phosphate group. Generation of hydraulic 
pressure may complicate the response if the 
dentinal tubules have been opened up by removal 
of the smear layer. Therefore a vital tooth should 
not be conditioned prior to cementation. 
Alternatively, the surface may be sealed with 
Causton's ITS solution or 25% tannic acid for 2 
minutes. Venting of full crowns is a further 
precaution that may assist in avoiding problems. 


Physical properties 


The physical properties have been shown to be 
equivalent to, or better than, the zinc phosphate 
cements, and the glass-ionomer cements are 
becoming the standard against which other 
cements are measured. Solubility is low, provided 
that the powder/liquid ratio is high enough, and 
compressive and tensile strength is adequate, 
because of the fine particle size. 

Radiopacity is desirable so that cement residue 
can be detected in areas of difficult access. 
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3 Type Il. 1: 
Restorative 
aesthetic cements 


Description 


The glass-ionomer cements enjoy all the proper- 
ties of the ideal restorative material except that 
they lack physical resistance to undue occlusal 
load. Colour matching can be satisfactory, and 
translucency is available, although it takes a few 
days to develop (see Figures 1.32 and 1.33). 
Adhesion to both enamel and dentine is available 
and biocompatibility is of a high order, which 
means that pulp irritation is not a problem. 
Fluoride release is a major advantage, and there 
have been no reports of microleakage or recur 
rent caries. Clinical handling i$ not particularly 
demanding, and long-term stability in the oral 
environment has been well proven, 

This category of cements is now available jn a 
dual cure form as well as the original auto cure 
form. The main difference is the addition of 
further resins and photo-initiators to the dual cure 
cements so that they can be light-cured on 
command immediately after placement in the 
cavity. This apparently has no untoward effect on 
the normal auto cure reaction, which continues as 
usual, bur it does provide an immediate resistance 
to water uptake and water loss. There is clinical 
convenience in this because the restoration can be 
contoured and polished as soon a5 it is set. 

The physical properties of the dual cure 
cements are generally better, with resistance to 
the shear/punch test being increased by up to 
50% (see Figures 1.6 and |.7), Translucency and 
colour matching are improved, and the fluoride 
release remains similar. 

However, the original auto cure cements remain 
very useful, even though it is a little harder to 
achieve first-class results in the clinical environ- 
ment. The main difficulty is that, to retain the best 


translucency, it is necessary to allow the cement 
to set slowly and to achieve full maturity before it 
& released into the oral environment. Methods of 
developing a fast-ser cement such as removal of 
excess calcium ions from the surface of the glass 
particles or modification of the thermal history of 
the glass will reduce the ultimate translucency of 
the restoration, and are therefore unacceptable. 

Some manufacturers claim that their Type Il.! 
cement is sufficiently mature atc 15 minutes to 
accept contouring and polishing. The immediate 
effect of carrying out these procedures under 
air/water spray may not be noticeable, bur in the 
lang term the restoration will not develop full 
translucency and the result will be disappointing. 

The answer fies in allowing the cement to 
mature under a waterproof sealant for a 
minimum of 24 hours before challenging the 
cement with the possibility of water exchange— 
either in or our. It is a simple clinical procedure 
to apply a sealant immediately after removing the 
matrix and then delaying polishing for 24 hours 
or more. The results fully justify the time 
involved, 

There has been an unfortunate tendency lately 
to try to develop a restorative material thar can 
be contoured and polished immediately after 
insertion, Apparently time is at a premium. 
However, it is Suggested that it is always desir- 
able to review any restoration at a later date to 
re-assess the occlusion, check the contour and 
see that the colour match is adequate. No 
material that sets through chemical activity will 
achieve maturity immediately, so it is preferable 
to allow time before looking to a final result 

The dial cure and auto cure cements are very 
similar in most aspects, and will therefore be 
discussed together. 
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Figure 3.1 


Diagram illustrating the water balance of the auto cure 
Type IL restorative aesthetic glass-ionomer cements. 
Note that water uptake is a serious problem in the early 
stages following placement. “Vater will penetrate 
through che entire depth of the cement very rapidly and 
downgrade both physical properties and, more impor- 
tantly, translucency. It is also important to be aware of 
the potential of water loss for up to 6 months after 
placement. 


Significant factors 
Powder/liquid ratio 


Powder/liquid ratio varies among the materials 
currently available, from approximately 2.9: 1 to 
3:1, for materials using hydrated poly(alkensic 
acid) as the liquid, up to as high as 6.8: |, for one 
of the anhydrous types. The inclusion of the 
dehydrated poly(alkenoic acid) within the powder 
accounts for the increase. The proportions are 


similar for the dual cure cements. Within limits, 
the higher powder content leads to optimum 
physical properties. The translucency of the 
ultimate restoration is, to a large extent, related 
to the thermal history of the glass during manufac- 
ture, as well as to the fluoride concentration. The 
glass utilized in the restorative cements has a 
lower fluoride content, but, with the addition of 
tartaric acid in the liquid, the setting time remains 
clinically acceptable and translucency can be 
achieved with correct handling. A reduction in the 
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powder content may marginally increase translu- 
eency. bur will at the same time lead to a deteri- 
oration in physical properties. Conversely, it is 
possible to increase the powder content to such 
a degree that not all che particles will be reacted, 
and this, of course, will result in a rediiction of 
translucency and physical properties. 

lt is difficult to measure a standard quantity of 
both powder and liquid when attempting to mix 
by hand. There will also be incorporation of 
relatively large porosities during mixing, and 
placement inta the cavity by hand will tend to 
aggravate the situation, It is possible to mix by 
hand and transfer the cement to a disposable 
syringe. but this is rather cumbersome and time- 
consuming, particularly since working time with 
these cements is generally relatively short. 

Dispensing the powder and the liquid in a 
capsulated system that converts to a syringe is 
desirable, since the end result will be standard 
and prediccable, Mixing time is reduced, but 
working time does not alter because there is a 
slight temperature increase during mixing. This 
Temperature Increase tends to encOuUraFe a Shap 
set. Placement with a syringe will minimize jncor- 
poration of further voids, and the porosities will 
be relatively smallhand evenly distributed. 


Time to mature 


Dual cure cements 


Immediately after light activation, the cement will 
be sealed to warner exchange to the full depth of 
the light penetration, This will vary depending on 
the colour of the cement, the efficiency of the 
activator light and the lengeh of time of light 
activation. Any remaining non-activated cement 
will continue to mature in a similar manner and at 
a similar speed as the auto cure cements, Probably 
both the plass-ionomer and the auto cure resin 
component will continue to mature for at least 
one week and maybe longer. This means thar, 
particularly in a deeper cavity, care must be 
exercised early not co stress the developing jon- 
exchange union that is just beginning to form. 
Incremental build-up is always desirable. 

Mose manufacturers claim that a 20-second 
exposure to the light is sufficient, but often the 
light cannot be placed |n close proximity to the 
restoration because of the presence of a matrix. 
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As it is not possible to overexpose the restora- 
tian to che light activator, it is generally wise to 
allow a minimum of 40 seconds for a small 
restoration and longer for larger ones. 

Some manufacturers offer a glaze to be painted 
over the finished restoration after polishing. This 
will have no effect on the continuing maturation, 
but will seal any voids or porosities exposed by 
the recontouring procedures and leave a smooth 
surface. 


Auto cure cements 


As discussed above, this group of glass-ionomer 
cements remains slow-setting, with a prolonged 
chemical reaction occupying a period of several 
days, possibly months. This property cannot be 
altered or speeded wp without reducing the 
translucency, 

There is an initial snap set at approxi- 
mately 4 minutes from the start of mix, at 
which time it is possible to remove the 
matrix and examine for successful place- 
ment. However, at this point it is extremely 
susceptible to water uptake and water loss. 
lt is therefore essential to keep the cement 
completely covered with a waterproof 
sealant for as long as possible to allow full 


chemical maturation before exposure to 


the oral environment. It should be painted 
with the sealant as the matrix is removed. 

Manufacturers supply special varnishes as 
sealants, but, because these contain an evapora- 
tive vehicle, they remain porous to some degree, 
thus allowing a water exchange both in and out. 
lf these varnishes are to be used, they should be 
placed in twa layers and dried carefully after each 
application for a period of approximately 30 
seconds (see Figure |. 16). 

It has been shown that a more effective sealant 
is a single-component, very low-viscosity, light- 
activated, unfilled bonding resin (part of the 
composite resin system), which has been vacuun- 
packed and is therefore free of porosities (see 
Figure |.17). This should be flowed over the 
restoration in a generous layer immediately the 
matrix fs removed, The restoration can be 
trimmed as necessary through this layer, When 
the contour i¢ satisfactory, further resin bond 
may be added as required and should then be 
light-activated. This will produce a complete seal 
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for at least an hour, Water exchange may occur 
very slowly over the next 24 hours, at which time 
the resin sealant can be removed and the restora- 
tian polished Under air/water spray. Optimum 
translucency and physical properties can be 
obtained using this technique (see Figure |.27). 

The cement should not be challenged with 
dehydration until up to 6 months after placement. 
lf it is necessary to expose an immature restora- 
tion during this period, it should be protected 
again with a further application of the resin 
bonding agent or the varnish for the time that it 
is exposed (see Figure |.40). 


Adhesion to enamel and dentine 


Chemical union with underlying tooth structure 
is one of the greatest advantages with the use of 
the glass-ionomer cements. It means that an 
erosion lesion does not need to be instrumented, 
and a carious cavity does not require the tradi- 
tional mechanical undercut design for retention, 
There will be no microleakage and, in conjunction 
with the fluoride release, there will be almost 
total prevention of recurrent caries. 

The smear layer and other surface contami- 
nants left following cavity preparation should be 
removed with a |0—|5-second application of |0% 
poly(acrylic acid). The area should be washed 
thoroughly with air/water spray. The tooth 
should be dried gently, but not dehydrated, and 
the cement placed immediately. 

For the erosion/abrasion lesion where no 
cavity preparation has been undertaken, it is 
desirable to remove any plaque or pellicle firsc by 
lightly scrubbing with a slurry of pumice and 
water for 5 seconds, This should be washed off 
and the area lightly dried. The poly(acrylic acid) 
is then applied for 10-15 seconds before washing 
and drying again, The resultant surface will be 
completely free of contaminants and in a condi- 
tion fo accept chemical union berween the 
restorative cement and the tooth, 


Fluoride release 


Following successful placement and polishing of 
the glass-ionomer cement, there will be a high 


rate of fluoride release for a period of 12-18 
weeks thereafter, which can be traced into 
surrounding and adjacent tooth structure. 
Although the rate of release will then decline, ic 
has been measured as continuing at a steady level 
for a further 5 years and probably longer, In the 
presence of professional or home-applied topical 
applications of fluoride, and routine use of a 
Nueride-containing toothpaste, a fluoride balance 
will develop with the cement, and a continual flaw 
can be predicted, 

There is a notable lack of plaque accumulation 
on glass-ionomer cement restorations. at least in 
part because of the fluoride release, and tissue 
tolerance 1s therefore high (see Figure | 42). 


Pulp compatibility 


Pulp tolerance to the glass-ionomer cements has 
been reported by several authors to be very high, 
and clinical results substantiace chis (VVilson and 
McLean, 1988). Dentine is a very efficient buffer 
in itself and the large, complex molecular chains 
of calcium and aluminium polyacrylate cannot 
penetrate to any great depth, Recent studies show 
a mild initial inflammatory response within che 
pulp tissue, arising from a newly placed glass- 
jonomer cement, which resolves quite rapidly. 
Dentine bridging has been shown in animal studies, 
following closure of a mechanical exposure of an 
otherwise healthy pulp with a glass-ionomer 
cement. This suggests that there is no need to 
place a sub-lining prior to placing a properly mixed 
plass-ionomer cement. 


Physical properties 


The physical properties of both the dual cure and 
the auto cure cements are largely dependent 
upon the powder/liquid ratio at which they are 
mixed. This means that materials dispensed in 
capsules and machine-mixed will generally be 
superior to those thar are hand-mixed. 

The physical properties of the dual cure 
cements, as measured by the shear/punch test, 
are close to those of a micro-filled composite 
resin. Fracture resistance js still not sufficient to 
build a marginal ridge or restore an incisal corner, 
but they are capable of withstanding some 
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occlusal load, providing the restoration is well 
supported by surrounding tooth structure. They 
are also radiopaque and therefore suitable for the 
restoration of posterior lesions, which may have 
to be monitored radiographically. 

The auto cure cements are not quite as strong, 
but their clinical history shows that they are very 
useful materials except under heavy occlusal load. 
Most of them are radiolucent, and should there- 
fore be confined to anterior teeth only. 
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Abrasion resistance is the one property that 
can be properly tested only in the oral environ- 
ment. The auto cure cements have a long 
history showing high resistance to abrasion, but 
it is not possible to simply transfer this history 
to the dual cure materials. Ac the present time 
there is no evidence of early breakdown, and it 
is reasonable to assume that they will stand up 
to oral stress in the same fashion. Only time 
will tell, 


Clinical application 
Class I/fissure seal—auto cure cement 


Figure 3.2 


Bitewing radiograph showing a carious lesion under the 
distal pit on the occlusal surface of the lower first 
molar (patient aged 18 years). 


Figure 3.3 


Occlusal view of the tooth shown in the radiograph. 
Mote the subtle change of colour under the distal pit. 
suggesting that there may be caries present. 
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Figure 3.4 


Enamel has been removed over the carious lesion, 
disclosing the extent of the problem. If there is any 
doubt, open the remaining fissures slightly using a very 
fine diamond stone, without penetrating through the 
enamel unless the presence of caries dictates it. 


Figure 3.5 


Qn completing the cavity, |0% poly(acrylic acid) is 
applied for 10-15 seconds, then washed thoroughly 
with airfwater spray. 


Figure 3.6 


To obtain a completely aesthetic restoration and 
fissure seal, a Type Il.| restorative aesthetic cement can 
be used providing there is a degree of radiopacity. The 
matrix here is a Hawe no. #23 that has been preformed 
to the occlusal surface 


Figure 3.7 


As soon as the cement has set, the excess is cleared 
from around the matrix, the matrix removed and the 
area immediately painted with a low-viscosity, light- 
activated bonding resin. The cement is trimmed as 
required through the unset resin. Further resin is 
added as necessary, and light-activated prior to remov- 
ing the rubber dam or cotton rolls and releasing the 
restoration to the oral environment 
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Figure 3.8 


The finished restoration, | week after placement. 


Class Il! restoration—aouto cure cement 


Figure 3.9 


An old composite resin restoration on the mesial of 
the upper right lateral incisor is leaking and 
discoloured. It is to be replaced. 


Figure 3.10 


A, lingual view of the restoration prior to removal. 


Figure 3.1 | 


The composite resin and the recurrent caries have 
been removed, and the cavity is being conditioned with 
10% poly(acrylic acid) for 10-15 seconds. 
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Figure 3.12 


The restoration has been replaced with an auto cure 
cement and has been covered immediately with a layer 
of a low-viscosity, light-activated resin to seal it. 


Class II! restoration—dual cure cement 


Figure 3.13 


There is a lesion on the root surface at the distal of 
the upper-right central incisor. 


Figure 3.14 

The extensive root surface caries lesion has been 
cleaned, particularly around the periphery, There is still 
some affected dentine on the pulpal floor, but this will 
not be removed. 


Figure 3.15 


The cavity is conditioned with 10% poly({acrylic acid) 
for 10—15 seconds, then washed and dried lightly. 
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Figure 3.16 
The cavity was restored with a dual cure cement, so 


it was contoured and polished immediately. Finally a 
resin glaze was applied and light-activated. 


Class V erosion lesion—dual cure cement 


Figure 3.17 


Extensive erosion lesions on the buceal of the upper- 
right canine and first bicuspid. They will be restored 
with a dual cure cement. (Reproduced from Mount Gl], 


Quint Int (1993) 24: 99-107.) 


Figure 3.16 


The lesions are gently scrubbed with a slurry of pumice 
and water on a rubber cup, then washed and dried 
lightly. (Reproduced from Mount Gj, Quint Int (1993) 
24: 99-( 07.) 


Figure 3.19 


As the gingival tissue was slightly abraded during the 
scrub a drop of trichloracetic acid was applied for 
haemostasis (see Box D, page 54). The cavity was then 
conditioned with |0% poly(acrylic acid) for I0—/5 
seconds, washed and dried lightly. (Reproduced from 
Mount GJ, Quint Int (1993) 24: 99-107.) 
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Figure 3.20 


Before mixing the cement, select the appropriate 
translucent matrix (see Box F, page |40), and test it 
for fit. Adjust it as required. (Reproduced from Mount 
G]. Quint Int (1993) 24: 99-107.) 


Figure 3.21 


Mix the cement (capsulated for preference), syringe to 
place and position the matrix. Light-activate for 20 
seconds through the matrix. Remove the matrix, and 
immediately light-activate for a further 20 seconds at 
least. The restoration can now be contoured and 
polished with fine diamonds under air/water spray. 
(Reproduced from Mount Gj, Quint Jot (1993) 24: 
99-107.) 


Figure 3.22 


The restorations immediately after the initial contour- 
ing prior to releasing the patient. (Reproduced from 
Mount Gj], Quint Int (1993) 24: 99-107.) 


Figure 3.23 


The restorations | year after placement, (Reproduced 
from Mount Gj, Quint Int (1993) 24: 99-107.) 
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Class V erosion lesion—auto cure cement 


Figure 3.24 


Erosion lesions are present at the gingival margins of 
the upper-right lateral incisor and canine. 


Figure 3.25 


Prior to cleaning the teeth, soft-tin matrices (Hawe no, 
720) are bent to form and tested against the teeth to 
ensure an accurate fit. 


Figure 3.26 


The lesions are cleaned with a slurry of pumice and 
water for 5 seconds only. The pumice is then flushed 
away and the tooth lightly dried. 


Figure 3.27 
10% poly(acrylic acid) can now be applied and left for 


10-15 seconds before washing and drying lightly. 
Dehydration should be avoided. 
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Figure 3.28 

The selected shade of cement is now syringed into 
place and the matrices postioned and left undisturbed 
while the cement sets. At 4 minutes from the start of 
mix, the excess cement can be tested for degree of set 
and then broken away to clear the margins. 


Figure 3.29 


As each matrix is removed, the cement is immediately 
covered with a generous layer of an unfilled, light- 
activated bonding resin. Further trimming can be 
undertaken through the bond, and more bond applied 
if necessary. 


Figure 3.30 


The resin is then light-activated. Note that there is 
likely to be a small amount of excess resin at the gingi- 
val margin, which may act as an overhang, This should 
be removed with a sharp blade prior to releasing the 
patient. 


Figure 3.3] 


The finished restorations, 9 years after placement. 
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BOX D TRICHLORACETIC ACID 


The profession has a need for efficient methods of haemostasis. Trichloracetic acid is not | 
new, but has not been popular or routinely used for some years now. However, it is a 

very safe and reliable method of controlling haemorrhage in areas of local tissue damage, 

with virtually no side-effects (see Figures 3.19, 3.34 and 4.19). It is highly caustic but self 
limiting, and therefore does not penetrate far into soft tissue. The resulting eschar separates 

from the subjacent tissue without producing an inflammatory response, and healing is rapid 
and uneventful. It will effectively arrest gingival haemorrhage, and will remove granulation 
tissue to a limited extent only. 


® Purchase in crystal form. instrument or similar into the liquid and 
@ Leave the top off the bottle for a few convey this to the appropriate place on 
hours and the crystals will deliquesce, the soft tissue, Do not apply more than | 
leaving a liquor of concentrated trichlo- this quantity at any one time. Local 
racetic acid. anaesthesia is not required. | 
@ Handle with care. ® The effect will generally be immediate 
e When required, disperse 2 or 3 drops with an eschar formed within 30 seconds. 
with a glass pipette into a Dappen’s dish. Repeat as necessary. 


® Touch the blade of a no. 6 flat plastic © Wash thoroughly with water. 
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Wolfort FG, Dalton WE, Hoopes |—,  Heithersay G5, Tissue response in the rat 
Chemical peel with trichloracetic acid, Br J = to trichloracetic acid—an agent used in the 
Plastic Surg (1972) 25: 333-4. treatment of invasive cervical resorption, 
Aust Dent J (1988) 33: 451-61. 
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Repair of an existing crown—auto cure 
cement 


Figure 3.32 


There have been porcelain crowns on the lower-right 
canine and the second bicuspid as part of a three-unit 
bridge for approximately |5 years. There are now quite 
deep erosion lesions at the gingival margins of both 
abutment teeth. The lesion at the gingival of the second 
bicuspid extends approximately 2mm subgingivally, so 
a minor gingivectomy needs to be carried out 


Figure 3.33 


Using electrosurgery, approximately 2mm of gingival 
tissue is removed to expose the gingival margin of the 
erosion lesion. 


Figure 3.34 


As there was a minor amount of haemorrhage in the 
gingival tissue following electrosurgery, a very light 
application of trichloracetic acid (see Box D, page 54) 
has been applied to control the haemorrhage. This 
produces instant haemostasis and will repair readily, 
since the acid is self-limiting. 
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Figure 3.35 


Having gained access to both lesions, they are cleaned 
with a slurry of pumice and water on a rubber cup and 
washed thoroughly. 


Figure 3.36 


The two lesions are lightly dried and then 10% 
polyacrylic acid) is applied for 10-15 seconds. The 
teeth are washed thoroughly again and dried, but not 
dehydrated. 


Figure 3.37 


Hawe matrices no. 721 have been preformed, the 
cement syringed to place and the matrices adapted to 
Position. 
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Figure 3.38 

At approximately 4 minutes from the start of mix, 
excess cement can be tested for degree of set and 
removed prior to lifting the matrices. Immediately the 
matrices have been removed, a generous layer of a 
very low-viscosity, light-activated resin bonding agent is 
applied. 


Figure 3.39 


The finished restorations | week after placement, 
showing the excellent tissue recovery. There is still an 
excess contour on both restorations, and so they 
require polishing. 


Figure 3.40 


The finished restorations, 12 months after placement. 


Figure 3.4] 


The same restorations 4 years later. 
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Restoration of an erosion lesion on an 
incisal edge—auto cure cement 


Figure 3.42 


The incisal edge of the lower-right canine is deeply 
eroded. However, there is a complete wall of enamel 
surrounding the entire erosion lesion, so that the plass- 
ionomer cement will be well supported against lateral 
and shear stresses. 


Figure 3.43 

Because of the depth of the lesion, it is virtually impos- 
sible to scrub with pumice and water, so it is condi- 
tioned with 10% poly(acrylic acid) for 10-15 seconds 
only. The area is washed thoroughly and dried lightly. 
but not dehydrated. 


Figure 3.44 


A Hawe matrix no. 722 is preformed, the cement 
applied and the matrix repositioned. 
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Figure 3.45 


At approximately 4 minutes from the start of mix, the 
excess cement is tested and broken away prior ta 
lifting the matrix. The restoration is immediately 
covered with a generous layer of very low-viscosity. 
light-activated resin bonding agent. The resin is light- 
activated prior to releasing to the oral environment. 


Figure 3.46 


Appearance immediately after removal of the rubber 
dam. The occlusion should be checked and adjusted as 
required. lf the resin bonding agent has been disturbed 
during adjustment of the occlusion, a further layer 
should be applied before allowing the tooth to get wer. 


Figure 3.47 


Three similar restorations 7 years after placement. 


Figure 3.48 


A similar restoration of an eroded occlusal surface 8 
years after placement. There has been some loss of the 
cement, but the depths of the erosion are still 
protected. The incisal edge of the canine has just been 
restored with a dual cure cement. 
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Restoration of root surface caries—dual 
cure cement 


Figure 3.49 


An old Class V composite resin restoration at the gingi- 
val of a lower right canine. The lesion extends around 
the distal to join up with a failing cermet cement 
restoration at the lingual/gingival margin. 


Figure 3.50 


The same lesion from the lingual. A temporary restora- 
tion of zinc oxide and eugenol has been placed in the 
distal part of the lesion, 


Figure 3.51 


The completed cavity viewed from the labial. 


Figure 3.52 


The completed cavity, showing the distal and lingual 
extension. There is some affected dentine left on the 
pulpal floor, which will not be removed. 
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Figure 3.53 


The cavity has been restored using a dual cure cement, 
which was placed in three increments from the one 
mix. A small amount of cement was syringed into the 
lingual extension and light-activated. The distal section 
was restored next, and finally the labial section. 


Figure 3.54 


Each increment was light-activated for 20 seconds, and 
the final restoration was exposed again for a further 
20 seconds from chree directions. 


Figure 3.55 

The finished restoration 6 months after placement, 
viewed from the labial, Note the satisfactory gingival 
response. 


Figure 3.56 

The lingual view of the restoration after 6 months. The 
patient is applying Auoride daily in a small plastic ‘pull 
down’ splint to control root surface caries, 


4 Type II.2: 
Restorative 
reinforced cements 


Description 


This category of glass-ionomer cements is 
designed to provide cements with considerably 
improved physical properties. As already noted, 
they generally lack fracture resistance, and this 
limits their application in the oral cavity, There 
are several methods being utilized in an attempt 
‘to improve this particular property, But none of 
them so far has made a significant difference. It is 
likely that an increase will only be achieved at the 
expense of a degree of aesthetics, but this factor 
may not be significant because they could still be 
used in situations where they will be covered or 
disguised, 

The following materials are now marketed in 
this category, although their physical properties 
are not significantly improved from the other 
types. Expectations should not be set too high, 
and they all need to be covered if aesthetics is 
important. 


Silver cermets 


Probably the most widely used material is the so- 
called ‘silver cermet’. This is manufactured by 
incorporating approximately 40% by weight of 
micro-fine silver particles, less than 3.5 um in 
diameter, in with the powdered glass particles, 
and then sintering the two together under 
pressure, Unreacted silver is washed out and up 
to $% of titanium dioxide included to modify the 
colour. The particles so produced are covered 
with a fine layer of metallic silver and are gener- 
ally more rounded than in other cements, and this 


leads to improved handling properties with the 
potential for high density and low porosity in the 
finished restoration. 

The presence of the silver on the surface of 
the particles allows for a significant improvement 
in abrasion resistance, and the surface can, in fact, 
be burnished. Compressive strength and fracture 
resistance are also improved, but only to a limited 
extent. They still cannot be used to rebuild 
marginal ridges in large restorations, They are 
widely advocated as a core build-up material, but 
their limited fracture resistance means that their 
use should be limited to making-good relatively 
minor deficiencies»rather than providing an entire 
core. Reinforcement with pins and posts will still 
not compensate for the low tensile strength, and 
there should be at least 2-3 mm of sound tooth 
structure forming the entire gingival’ cuff of a 
preparation for a crown (Figures 4.23—4.30). 

Adhesion to dentine and enamel appears to be 
slightly reduced, probably because of the 
presence of the silver particles. It is a fast-serting 
cement with early resistance to water uptake, but 
it remains subject co dehydration for at least 2 
weeks after placement. Many restorations show 
fine surface cracking and crazing later as they 
mature, although these do not appear to propa- 
gate over time. 

Because of the presence of the silver, this 
cement has the same radiopacity as amalgam, burt 
it is closer to tooth structure in colour. It is 
widely used in situations where aesthetics is not 
important and the rapid set, early resistance to 
water uptake and abrasion resistance are of value. 
Wherever it is placed, it must be well supported 
by remaining tooth structure and placed in a 
cavity with a retentive design, 
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Amalgam alloy admix 


An alternative method of improving physical 
properties is to incorporate spherical amalgam 
alloy particles with a fast-setting glass-ionomer 
cement powder (| Simmons). The amalgam should 
be combined in the proportion of 8 parts cement 
powder to | part alloy by volume, and mixed to 
a suitable consistency with poly(acrylic acid) at a 
ratio of approximately 3:2 by weight. The resul- 
tant cement is black and therefore generally 
needs to be covered by another material to be 
acceptable. However, the physical properties are 
slightly improved over the standard cement, 
particularly in abrasion resistance, It sets rapidly 
and shows an early resistance to water uptake, 
so that, when used as a core build-up, further 
preparation can be carried out immediately it is 
set (Figures 4.4 and 4.5). Adhesion to underlying 
roaoth structure and fluoride release are both 
good. 


WATER 
OUT 


FAST SET 


I wks Figure 4.| 


Diagram showing the 
water balance of the 
Type (IL2  glass-iono- 
mer cements. As they 
are fast-setting, they 
are resistant to water 
uptake in about 45 
minutes from the start 
of mix. This means 
that they can be 
polished shortly after 
removing the matrix. 
However, if they are 
lefe exposed to air for 
any length of time in 
the first 2 weeks, they 
are liable to lose 
water and crack. 


The cement is difficult to mix to the prescribed 
consistency by hand, but is now available in 
capsules, and handling properties are good. 
However, in view of the colour and small 
improvement in physical properties, it must be 
regarded as having limited application. 


Silver alloy admix 


A further alternative is to include a silver-contain- 
ing alloy in flat broken pieces rather than spheres 
on the assumption that the flakes will offer a 
larger surface area for reaction with the 
poly(alkenoic acid). Qne company uses an alloy 
composed of 50% silver, 22% copper and 28% tin, 
and the powder/liquid ratio is approximately 2: | 
by weight or 8: | by volume. They claim a higher 


abrasion resistance because of the development 


of a Bielby-type smear layer on the surface. 
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Certainly the physical properties as measured by 
the shear/punch test are superior ta either of the 
above materials, but remain poorer than those of 
the dual cure cements (see Figure 1.6). 

The colour is a little lighter than the cermet 
cement, and the fluoride release and adhesion to 
tooth structure are acceptable, 


The future 


lt is clear that none of the above cements is suffi- 
ciently strong to rival amalgam as a true core 
build-up material, so their applications remain 
limited. Physical properties, in particular fracture 
resistance, will need to be improved by at least 
50% before the glass-ionomers can be regarded 
as reinforced and acceptable as restorative 
materials for posterior Class Il lesions under 
occlusal load. 

Research is continuing in a number of areas, 
including the use of dispersed-phase inclusions 
and the incorporation of modified poly(alkenoic 
acid) chains with greater molecular weight. The 
inclusion of other resins, as has been done with 
the dual cure cements, has increased the physical 
properties to a significant level already, but the 
risk now is that such measures may downgrade 
the jon-exchange mechanism and the fluoride 
release, which are the real strengths of the glass- 
jionomer Cements. 

Clinical experience over a reasonably long term 
is the only measure through which a new material 
can be judged, and the original auto cure cements 
have proved adequate for all situations that are 
not subject to undue occlusal load, The next stage 
will require cements with a fracture resistance 
similar to amalgam while still retaining the essen- 
tial systems associated with the present genera- 
tion, 

The following factors apply equally to all three 
materials mentioned above. 


Significant factors 
Powderlliquid ratio 


In most clinical situations optimum physical 
properties will be required when utilizing these 
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materials, so the powder/liquid ratio is important. 
The higher the powder content, the greater the 
strength but the more difficult they are to mix by 
hand. The standard ratio ranges berween 3: | and 
4:1, and all are available in capsules as well as 
for hand-mixing. It is. in fact, difficule to mix 
properly by hand. the working time is rather 
short and the final mix is very sticky. Therefore 
there is a temptation to reduce the powder 
content when hand-mixing, but this is undesirable 
because of the reduction in physical properties. 

It is strongly recommended that they should be 
used in a capsulated form to obtain optimum 
physical properties and results, 


Time to moture 


These are fast-secting cements and will therefore 
be resistant ta water loss and water uptake as 
soon as they are resistant to indentation by a 
sharp instrument A protective seal will not be 
required as long as the restoration remains in a 
wet environment. Contouring and polishing 
should always be carried out under air/waner 
spray ac intermediate high speed using fine polish- 
ing diamonds. | 

Mote that the materials remain subject to 
dehydration for approximately 2 weeks after 
placement. Therefore if a newly placed restora- 
tion is to be left exposed for any length of time 
or re-exposed within the next 2 weeks, it should 
be covered and protected with a layer of low- 
viscosity, single-component, light-activated resin 
enamel bond to maintain the water balance. 


Adhesion to enamel and dentine 


Probably because of the presence of the silver or 
alloy particles, the adhesion through the ion- 
exchange layer appears to be less with these 
cements than with the conventional unfilled 
materials. It is therefore suggested that a smiall 
degree of mechanical retention always be 
included in the cavity design. As usual, the cavity 
should be conditioned with |0% paly(acrylic acid) 
for 10-15 seconds to remove the smear layer and 
enhance the ion-exchange layer to ensure 
Optimum retention, 
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Fluoride release 


Fluoride release seems to be similar to other 
types of glass-ionomer cement, in spite of the 
presence of the silver particles. This makes the 
material particularly suitable for restoring such 
lesions as root-surface caries and tunnels, where 
cavity outline is often difficult to determine and 
remineralization of surrounding tooth structure is 
important. 


Pulp compatibility 


As discussed previously (page 26), there is only a 
short-term inflammatory response in the pulp 
tissue from a newly placed glass-ionomer cement. 
In the presence of the ion exchange with dentine 
and enamel, there can be no micro-leakage 
leading to bacterial invasion, thus preventing the 
production of bacterial toxins and other by- 
products. It is suggested, therefore, that there is 
no need to place a sub-lining first. 

For the same reason, it is only necessary to 
remove the infected surface dentine from a 
carious lesion, leaving behind the softened, 
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demineralized, affected dentine, removal of which 
may lead to an exposure of the pulp. In the 
presence of the fluoride-releasing cement, the 
remaining dentine will remineralize and the tooth 
will probably retain its vitality. 


Physical properties 


The tensile strength and fracture resistance of the 
present generation of these materials are only 
marginally greater than those of the auto cure 
cements, but the dual cure cements are superior 
in both properties. However, in abrasion resis- 
tance they match up with both amalgam and 
composite resin, probably because the metal 
inclusions allow a degree of slip and flow on the 
surface. 

Mainly because of the presence of the silver or 
silver alloys, radiopacity is of a similar order to 
that of amalgam. 

lt seems that their main application is in areas 
of difficult access where a dual cure cement is 
contra-indicated and aesthetics is of no concern 
or in situations where the property of abrasion 
resistance is of prime importance. 
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Clinical placement 
Minimal Class II cavity 


Figure 4.2 


A very small lesion on the distal of an upper-right first 
bicuspid. The marginal ridge was already cracked, so a 
proximal box has been prepared, but the occlusal 
groove has not been included. 


Figure 4.3 


The finished restoration, using a cermet cement, after 
polishing at the insertion appointment. 


Figure 4.4 


Placement of an amalgam alloy admix cement to 
restore an old failed amalgam restoration prior to 
preparing the tooth for a full crown. 


Core build-up for crowns — auto cure 
cement 
Figure 4.5 


The crown preparation completed immediately after 
the amalgam alloy admix had set. 
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Repair of a crown margin 


Figure 4.6 


Root-surface caries beyond the gingival margin of a gold 
crown on a lower-right molar. 


Figure 4.7 


The caries has been removed and a limited amount of 
retention has been placed at the gingival and occlusal 
margins. 


Figure 4.8 


The cavity has been conditioned with 10% poly(acrylic 
acid), and the cement syringed to place and positively 
adapted with a matrix. 


Figure 4.9 


Before removal of the rubber dam, the excess cement 
was trimmed at intermediate high speed under 
air/water spray. After removal of the dam, the restora- 
tion was polished with abrasive rubber points under 
air/water spray. 
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Class Il restoration of a deciduous molar 


Figure 4.10 


A carious lesion on the distal of a deciduous lower 
second molar. The marginal ridge has already been lost 


Figure 4.11 


The cavity has been cleaned by removal of demineral- 
ized enamel and dentine only, but not extended beyond 
its original outline, This has allowed maintenance of 
contact with the adjacent permanent molar and facili- 
tated the development of a relatively normal contact 
area during placement of the restoration. 


Figure 4.12 


A short length of mylar strip has Been placed as a 
matrix and firmly wedged in place. 


Figure 4.13 


The finished restoration, which has been polished prior 
to removal of the rubber dam. 
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Repair of an inlay margin 


Figure 4.14 


A small breakdown has been detected on the margin 
of an otherwise sound gold inlay. 


Figure 4.15 


The defect has been opened at the expense of both 
tooth and gold to reveal the extent of the problem. As 
there is still adequate support for the restoration, a 
cermet cement is the material of choice for a very 
conservative repair. 


Figure 4.16 


The finished restoration, which has been polished prior 
to removal of the rubber dam. 
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Class V carious cavity 


Figure 4.17 


This patient demonstrates considerable gingival reces- 
sion and now displays a series of small root-surface 
carious lesions. There are two lesions on the buccal of 
the lower-right first molar, including the furcation area, 
and a small one on the second bicuspid, beyond the 
existing amalgam restoration. 


Figure 4.18 

Cavities have been prepared, but there is a small 
amount of damage and thus haemorrhage from the 
gingival tissue in relation to the two cavities that were 
partly subgingival. 


Figure 4.19 

Haemorrhage has been arrested with a limited applica- 
tian of trichloracetic acid (see Box D, page 54), just in 
the involved areas. As the acid is self-limiting, the tissue 
will respond and heal readily. 
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Figure 4,20 


Following cavity preparation, the cavities were condi- 
tioned with 10% poly(acrylic acid) for 10-15 seconds, 
and the teeth were washed thoroughly and dried, but 
net dehydrated. Separate Hawe matrices (mo. 719) 


were preformed to the three lesions and a cermet 


cement was syringed into place. 


Figure 4.21 


Ac 4 minutes from the start of mix, the excess cement 
was tested first, then broken away and the matrices 
removed. At this point the restorations were 
contoured and polished to completion under air/water 
spray, using very fine diamonds and graded rubber 
polishing cups and points. 


Figure 4.22 


The restorations | week after placement, showing that 
the soft tissue has healed completely. The lesion on the 
second bicuspid, in particular, is already almost 
submerged into the gingival crevice. 
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Core build-up for crowns—auto cure 
cement 


Figure 4.23 


The upper-right first and second bicuspids were both 
broken in a motor vehicle accident. Buceal and lingual 
cusps were lost from the first bicuspid and buccal cusp 
only from the second, and both required root-canal 
treatnrrent. 


Figure 4.24 


The root canals in both teeth have been obturated and 
the remains of existing restorations removed. 


Figure 4.25 


Stainkess steel posts have been cemented into beth 
teeth. The posts in the first bicuspid protrude beyond 
remaining tooth structure because it was anticipated 
that the core would be built up to that level. The posts 
in the second bicuspid were cut off to just below the 
proposed core height because the entire lingual cusp 
was still present and would provide support. Remaining 
tooth structure was conditioned with 10% poly(acrylic 
acid}, then washed thoroughly and dried, but not 
dehydrated. 


Figure 4.26 


A standard metal matrix has been placed on the first 
bicuspid and a cermet cement syringed into place incre- 
mentally. Each increment was tamped into place with 
a small plastic sponge (see Figure 7.25) to ensure full 
adaptation to underlying tooth structure and around 
the two posts. 


Type I.2: restorative reinforced cements 


Figure 4.27 


The build-up on the first bicuspid is complete and the 
matrix removed, However, since this was to remain 
isolated and dry for a period while the second bicus- 
pid was restored in the same way, the freshly placed 
cement was covered with a generous coating of a very 
low-viscosity, light-activated bonding resin to prevent 
water loss in the short term. 


Figure 4.26 


The cermet cement core has now been Buile up on 
beth teeth. 


Figure 4.29 


A, buccal view of the finished crown preparations at the 
time of gingival retraction. Note that there is at least 
#3 irom of natural tooth structure between the 
cement core and the gingival margin on both teeth, 
except in relation to the distal proximal boxes. 


Figure 4.30 


A palatal view of the prepared teeth. On the first bicus- 
pid there is at least 3mm of normal tooth structure 
between the cement and the gingival margin. On the 
second bicuspid there is the full height of the palatal 
cusp. This ensures maximum resistance against lateral 
stresses and minimal load on the cement core. 
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Core build-up for crowns—dual cure 
cement 


Figure 4.31 


An upper-right first bicuspid with the buccal cusp 
isolated and weakened by the presence of a moderate- 
size amalgam restoration. The patient has reported 
pain on pressure. 


Figure 4.32 


The amalgam has been removed, revealing the crack at 
the base of the buccal cusp. 


Figure 4,33 


To allow immediate preparation of the tooth for a full 
crown, the cavity was restored using a dual cure 
cement lightly supported with a mylar strip as a matrix. 
To ensure complete light activation the cement was 
built incrementally and light-activated from several 
directions, 


Figure 4.34 


The preparation for the full crown was completed 
during the same appointment. Strength for the reten- 
tion of the crown is provided by the remaining 2-3 mm 
of sound tooth structure in the gingival one-third of 
the tooth, as well as the remaining lingual cusp. 
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Repair of a broken cusp 


Figure 4.35 


There has been a limited failure of enamel from the 
mesio-lingual cusp of an upper molar. As the occlusal 
load is still borne by the amalgam as well as by the 
disto-lingual cusp, a minimal cavity was prepared. The 
amalgam was dressed back and a small amount of 
retention was included. 


Figure 4.36 


The completed restoration. 


Figure 4.37 


A similar repair using a cermet cement 8 years after 
placement. 


5 Type III: Lining 
cements 


Description 


As discussed earlier, this group can be divided 
into fining cements and base cements, and this 
latter category could be more accurately 
described as a dentine substitute. The only differ- 
ence between the two is the powder/liquid ratio, 
but the physical properties, and thus the expec- 
rations, will be much greater for the latter. 


Definition 


Lining 

A lining can be defined as a thin layer of a neutral 
material placed prior to final restoration to make 
good a deficiency in cavity design or provide 
thermal protection to the pulp (Figures 5,/—5.9). 
A lining is not expected to have any therapeutic 
effect on pulp tissue, unless there is an exposure. 


Base 


A base can be regarded as a dentine substitute 
which is placed to make up for major areas of 
dentine loss prior to the placement of an enamel 
substicute over the top. It can also be used as a 
method of bonding composite resin to dentine 
(Figures 5.18—5.25). 

Auto cure or dual cure cements can be used 
for either application. The dual cure cements 
generally have better physical properties, and are 
therefore of value particularly as dentine substi- 
tutes. Their main limitation is that they may be 
contra-indicated where there is a lack of access 
for the proper application of the activator light. 

Care must also be exercised in the selection af 
the proprietory product because there have been 


a number of materials put on the market classi- 
fied as glass-ionomer cements that do not 
properly fit into this category. These non-glass- 
ionomer cemencs consist of a light-activated resin 
with an ionomer-giass filler. They contain little or 
no poly(alkenoic acid), and are therefore not 
capable of the usual acid/base reaction leading to 
the ion exchange with underlying tooth structure. 
Nor do they release fluoride over the long term. 

As pointed out previously (papes 6—/), the 
easiest way of identifying a true dual cure glass- 
ionomer cement is to place a trial mix under a 
light-proof cover and note the time required for 
a chemical set ta occur. A true glass-ionomer 
cement will achieve a reasonable degree of set 
within 10 minutes, Mose of the non-glass-ionomer 
cements will not set ar all, but some will achieve 
a soft rubbery phase in about 15 minutes and will 
not progress beyond this stage without light 
activation, WVhile non-glass-ionomer materials 
may provide adequate thermal protection, they 
should not be expected to provide any further 
benefit, and, because of their potential for high 
water uptake, they should certainly not be 
exposed to the oral environment. 

The concept of a base goes back to GY Black, 
who suggested that there was a need to ‘base out’ 
a deep caviry so that the cavity design could be 
refined to the ‘ideal’ geometric shape before the 
placement of amalgam, Linings were developed 
later on the understanding that there would be 
some therapeutic effect upon the pulp tissue to 
compensate for the trauma initiated by active 
caries followed by the preparation of the cavity. 
These theories sometimes even dictated removal 
of sound dentine to make room for the lining. 
Many complex techniques have been described, 
and apparent benefits to the health of the pulp 
have been demonstrated. 

However, recent work has shown clearly that 
the pulp has far greater powers of recovery than 
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were ever suspected, and that a therapeutic effect 
from a lining material through sound dentine does 
not exist. The presence of bacteria—in particular 
future invasions of bacteria under a newly placed 
restoration—is far more deleterious to the pulp, 
and can lead, through continuing inflammation, to 
post-insertion sensitivity and to pulp death, In 
fact, if a healthy, uninfected pulp is mechanically 
exposed, it is only necessary to seal it from bacte- 
rial invasion for it to heal. 

The purpose of placing a traditional lining, then, 
is threefold: 


e When restoring a tooth by an indirect 
technique, it may be desirable to modify a 
cavity to allow for a simplified line of 
withdrawal and insertion. 

® if the cavity is deep and penetrates more than 
half way to the pulp, and a metallic restoration 
is to be placed, a thin layer (0.5 mm) of a lining 
material may offer a degree of thermal protec- 


FAST SET 


Figure 5.1 


Diagram showing the 
water balance of the 
auto 86é Cure 


Type ill 
glass-ionomer cement. 
As they are fast setting, 
they are resistant to 
Waiter uptke in about 
5 minutes from the 
start of mix. This 
means they can be 
etched shortly after 
removing the macrix. 
However, if they are 
left exposed to air for 
any length of time, they 
are liable to lose water 
and crack. 


tion to an inflammed pulp and keep the patient 
comfortable during the period of healing. 

® <A lining can seal the restoration margin 
against bacterial invasion. There will inevitably 
be bacteria left behind at the time of restora- 
tion, but, providing the cavity is sealed, these 
will adapt to a spore form and remain 
inactive. The problem arises when there can 
be ingress of nutrients and new bacteria from 
the oral environment. Bacterial activity, 
resulting in production of toxins, will lead to 
continuation of any existing pulpal inflamma- 
tion, and, possibly, to pulp dearth. 


The material that will provide the most effective 
long-term seal to dentine is glass-ionomer cement. 

lt is necessary, then, to consider the main 
restorative materials and determine the best 
method of obtaining optimum results using glass- 
ionomer cement as the primary dentine sealant 
co prevent microleakage. 


ff 


7a 


Indirect restorations 


Placement of a lining in relation to such restora- 
tions is generally a convenience to reduce the 
problems of impression-taking, construction of 
models and the development of a line of 
withdrawal and insertion of the finished restora- 
tion. The need for sealing dentine against bacte- 
rial invasion is minimal, but thermal protection 
may be Indicated. The ultimate integrity of the 
marginal seal will depend on accuracy of labora- 
tory techniques followed by the use of a cement 
with thermal properties close to those of tooth 
structure and with low solubility. Glass-ionomer 
cements offer these properties. 


Amalgam 


In the past it was considered essential to place a 
lining under an amalgam restoration for both 
thermal and therapeutic properties. In fact, it was 
taught that the cavity should be extended suffi- 
ciently to make room for the extra material. It has 
now been shown that the therapeutic properties 
are neither available nor necessary, so the need for 


a lining is confined to those cavities that are already 


relatively deep and in close proximity to the pulp, 
Removal of additional vooth structure is strictly 
contra-indicated. The lining should be placed In thin 
section, and only where necessary, thus leaving 
room for the amalgam to be placed in bulk and to 
develop optimum physical properties. 

Amalgam shows a unique ability to seal its own 
margins through corrosion, and the initial place- 
ment of copal varnish to control this has been 
well tested over many years. Even the modern 
non-gamma 2 alloys will allow sufficient corrosion 
over time to prevent bacterial invasion, This 
means that adhesion between the dentine and a 
lining cement is probably unnecessary. However. 
it has been shown that fluoride released from a 
glass-ionamer cement lining Is, in fact, available 
externally through the margin, and will offer the 
usual protection against bacterial activity and 
demineralization, 

Therefore, where amalgam is the material of 
choice, and the cavity is of minimal dimension, no 
lining need be placed and the corrosion factor can 
be relied upon to provide a marginal seal, For a 
cavity that has progressed further than half way 
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to the pulp a small quantity of glass-ionomer 
cement lining material should be placed in the 
vicinity of the pulp. There is no need for the 
placement of an additional ‘therapeutic’ lining. For 
convenience and ease of placement a low 
powder/liquid ratio mix is adequate, because the 
cement will not be subjected to undue load and 
optimum physical properties will therefore not be 
required. The cement used can be either a dual 
cure or an auto cure, and at a ratio of |.5:] it 
will flow readily, be easily placed and may be ser 
on command, 

An alternative situation can arise when a Class 
ll proximal lesion proves co be extremely deep 
and the placement and proper condensation of 
amalgam poses problems. Under these circum- 
stances, it is possible to use a lamination 
technique, with the glass-ionomer cement restor- 
ing the subgingival section of the cavity and the 
amalgari overlay protecting the cement from 
undue occlusal load. As the cement will be 
exposed to the oral environment and subject to 
some load, it is essential to use a high 
powder/liquid ratio to develop the best possible 
physical properties (Figures 5,/0—5_)7), 

Providing there Is sufficient access for the 
placement of the activator light, a dual cure 
cement can be placed, although che Type II.2 auto 
cure cements have proved adequate, Having 
complecéd the cavity design, place a short length 
of either a metal or mylar matrix strip and 
support lightly with a wedge, Condition the cavity 
and place a large quantity of cement sufficient to 
extend to within 2—d mm of the contact area. 
Tamp the cement into place to ensure proper 
adapration of the cement co the cavity floor and 
Walls, As soon as the cement is set, cut it back 
and contour to a final amalgam cavity design, 
including retentive grooves and ditches to allow 
for a mechanical interlock between the cement, 
the tooth and che amalgam, Make sure there |s 
sufficient room for the amalgam, because this will 
be the ultimate restoration, which is required to 
accept the full occlusal load and, in many such 
situations, protect both the cement and the 
remaining tooth structure. 

lia small quantity of poly(acrylic acicd) |s lightly 
smeared onto the cement surface at this point, it 
is possible to develop some degree of chemical 
union between the cement and the amalgam. 
Paint copal varnish over the remaining cavity walls 
and pack the amalzam. 
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The resultant laminated restoration has all the 
advantages of the strength of amalgam, combined 
with the marginal seal, tissue tolerance and 
fluoride release of glass-ionomer cement, It alsa 
overcomes the problems of proper condensation, 
contouring and polishing of amalgam in imaccess- 
dible interproximal regions without leaving an 
overhang. 

The sare concept can be applied for the design 
and placement of indirect restorations, although 
in many instances, if a tooth is so badly broken 
down, it is likely that an extracoronal restoration 
will be preferred. However, there may be 
eccasions Where replacement of dentine in such 
a manner may simplify the design of a gold or 
porcelain inlay, leading to the preservation of a 
slenificant amount of normal tooth structure, 


Composite resin 


Long-term adhesion of composite resin to enamel 
is no problem, and can be achieved through the 
acid-etch technique pioneered by Buonocore. 
However, long-term adhesion between compos- 
ite resin and dentine continues to pose difficul- 
ties. The main obstacles appear to be the setting 
shrinkage of the material and the hydrolytic 
breakdown of (he resin component, and these are 
proving difficult to overcome. 

The setting shrinkage of composite resin 
complicates the situation regardless of the curing 
mechanism used, Depending on how heavily the 
resin is filled, shrinkage can vary from | to 5% of 
bulk, When the curing mechanism is chemical, the 
direction of shrinkage will be towards that area 
of the restoration that sets firs. This will gener- 
ally be towards the floor of the cavity, where the 
temperature of the tooth may well be the initiat- 
ing factor. Certainly the shrinkage will be more 
inwards and towards the tooth than the reverse, 
There will be some stress exerted on the bond 
to dentine, but, since the chemical reaction is 
relatively slow, the stress will be generated slawly 
and may not be excessive. 

However, if the composite resin is light- 
activated, the setting reaction will commence 
immediately adjacent to the light source, and, 
depending on the total volume shrinkage 
expected of a particular composite resin, there 
will be considerable stress applied to any adhesive 


mechanism at the tooch/restoration interface. The 
total shrinkage can be minimized by building the 
restoration incrementally and light-activating in 
such a direction that the resin will shrink cowards, 
rather than away from, the caviry floor and walls. 
This technique is satisfactory in theory, but not 
always available in practice 

The problem, then, is to develop a wnion 
between dentine and resin that will withstand the 
stresses of the setting reaction and maintain a 
sound margin at the interface. It is currently 
suggested that dentine can be safely etched with 
Various concentrated acids while the buffering 
capacity of the dentine is relied upon to protect 
the pulp. This will than lead to a mechanical inter- 
lack into the dentine tubules such as that devel- 
oped with acid-erched enamel, However, the 
anatomy of the dentine tubules is not necessarily 
regular and uncomplicated, and etch patterns may 
well be variable, Also this still does net overcome 
the hydrolysis problem. 

Many techniques have been explored to 
develop a chemical union rather than a mechani- 
cal one, and these are becoming increasingly 
complex and difficult to apply correctly in clinical 
practice. Evidence suggests that none of these so 
far remain sound, over time, in the presence of 
hydrolysis. 

The use of glass-ionomer cement as a bonding 
mechanism between dentine and composite resin 
has been extensively explored over recent years. 
and offers a high level of reliability along with 
tissue comparability and fluoride release, This 
requires that the cement is used as a base and 
not as a lining, The cement will develop the usual 
ion exchange with the dentine, and a mechanical 
or chemical union can be developed between the 
cement and the resin, thus leading to the produc- 
tion of a ‘monolithic reconstruction of the tooth, 
Providing the cement is used as a base or dentine 
substitute rather than as a lining, the composite 
resin can be laminated over the cement as a final 
restoration. 

As plass-ionomer cement is a water-based 
material, it relies on the continuing presence of 
water for stability, and the question of hydrolytic 
breakdown does not arise. However, the serting 
shrinkage of the composite resin must. be under- 
stood and taken into account, and this means that 
only the strongest glass-ionomer cements can be 
relled upon to produce and maintain a sound 
union with dentine. There is no doubt that the 
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bond between sound acid-etched enamel and 


composite resin is the strongest available, and 
should be utilized where ever possible. Burt, if 
there is no enamel available, or that which remains 
is weak and friable, a strong glass-ionomer cement 
will be adequate as long as it is properly placed 
and protected from undue occlusal load. 

The technique for clinical placement of the so- 
called ‘sandwich technique’ restoration is relatively 
simple and straightforward (Figures 5.18—5.25). 
The cavity should be prepared as conservatively 
as possible. It is unnecessary and undesirable to 
remove any more tooth than is essential to 
achieve access to the active carious lesion and 
then develop clean sound walls around the entire 
circumference. It is necessary to remove all 
infected dentine, but remaining demineralized 
affected dentine can remain as long as the periph- 
ery is sealed against oral flora and access to nutri- 
ents. Where possible, develop sound enamel walls 
and polish these lightly to remove free enamel 
rods, Where there is no enamel at the periphery, 
develop clean dentine for union with the cement. 

Place a matrix as required, and support it lightly 
with appropriate wedges. Condition the cavity as 
previously described (page 18) and fill the entire 
cavity with a Type Ill, (L2 or Ill cement using a 
high powder/liquid ratio, If using a dual cure 
cement, always place the cement incrementally 
and light-activate each increment for a minimum 
of 20 seconds. 
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Figure 5.2 


A cross-section through a molar tooth showing 2 
simulated design for a ‘sandwich’ restoration using a 
cement with a powder/liquid ratio of 3: |. In one proxl- 
mal box there is no enamel at the gingival margin. The 
cement has therefore been bullt up just short of the 
contact area, and will be left exposed in the oral cavity 
At the other end there is sufficient enamel to bevel and 
etch, so thar the cement remains short of the margin 
and the union is composite resin to enamel, Note the 
thickness of cement over the entire cavity floor, 


The cavity can now be re-developed in the 
cement to allow sufficient room for a laminate of 
composite resin without regard to the original 
cavity outline. Expose and polish all sound enamel 
walls to allow for the use of the acid-etch 
technique union. In a proximal box cut the cement 
back to just below the contact area, because it Is 
better to utilize the superior strength of compos- 
ite resin for the new contact. Mechanical inter- 
locks are unnecessary, because auto cure cements 
can be acid-etched to develop a mechanical union 
with the composite resin and dual cure cements 
contain sufficient free radicals in the resin compo- 
nent to obtain a chemical union. 

The prepared cavity can now be etched for |5 
seconds with 37% orthophosphoric acid. lf using 
an auto cure cement, the entire cavity, enamel 
and cement should be etched (Figures 5.4—5.6) 
When using a dual cure, it is not necessary to 
etch the cement, but it will do no harm if the acid 
pets onto it. Having washed the cavity well and 
dried it lightly, paint the cement and the cavity 
walls with a light coat of a very low-viscosity 
unfilled enamel resin bond and blow off any 
excess before light-activating it. 

Replace the matrix, and this time wedge it 
firmly to open the interproximal space for che 
development of a firm contact in composite resin. 
The composite resin laminate can now be placed. 
When using a light-activated resin, build it 
incrementally and cure it in such a way as to make 
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Figure 5.3 
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it shrink towards the tooth structure or onto the 
cement 

The advantages of this technique include 
maximum exposure of glass-ionomer cement to 
the oral environment for the release of fluoride 
and a reduction in the total amount of compos- 
ite resin commensurate with required strength in 
the ultimate restoration. Also, it is desirable to 
replace the interproximal tooth structure with 
the cement because of its resistance to plaque 
build-up and high tissue tolerance. VVhile the 
occlusal load will be dissapated to some degree 
by the composite resin, it is important that only 
the strongest possible glass-ionomer cement be 
used so that it can offer maximum support for 
the composite resin and will not be subject to 
dissolution and erosion interproximally. 


Significant factors 
Powder/liquid ratio 


The physical properties of these cements depend 
upon the powder/liquid ratio, so that if high 
strengths are required in the ultimate lining, such 
as in the ‘sandwich’ technique, a high powder/ 
liquid ratio, of at least 3:1, must be used. The 
higher the powder content, the shorter will be 
both the mixing time and the working time. While 


SEM showing the ion-exchange layer formed between the dentine and 
cement. Note that failure has occurred in the cement owing to dehydra- 
tion while preparing the specimen for viewing, but the ion-exchange layer 
stays firmly adherent to the dentine. Original magnification & 500. 


most of the lining cements are marketed for 
hand-mixing, the capsulated varieties, which can 
be machine-mixed, will provide more reliable 
results with better physical properties because 
they will have the correct powder content, 
Cements with a low powder/liquid ratio, in the 
range of 1.5: 1, are useful as all-purpose cavity 
linings, but they are not strong enough to be used 
under composite resin unless there is a complete 
margin of sound enamel around the circumfer- 
ence of the cavity. In thin section their tensile 
strength will not be high, but the rapid-setting 
reaction means early achiéVement of a compres- 
sive strength high enough to withstand the heavy 
packing pressure used in the placement of 
amalgam. At this consistency, they are also useful 
for correcting minor deficiencies when carrying 
out crown preparation. For correcting major 
defects, the heavier 3: | ratio should be used. 


Time to mature 


All the auto cure cements in the Type Ill category 
are designed to be fast-setting and therefore resis- 
tant to water uptake within 5 minutes from the 
start of mix. They should undergo a snap set at 
that point and be ready for trimming as required 
and the placement of the final restoration. If 
several restorations are being placed ar the same 


time, care must be taken to ensure the cement 
does not dry out, particularly when working under 
a rubber dam. For the same reason, when they 
are used as a dentine substicuce, all trimming 
should be undertaken under air/water spray. 

Dual cure cements can be used for either appli- 
cation, and the problems of water loss can be 
avoided. However, proper activation of che 
cement is necessary, and access for the placement 
of the light may be a limiting factor. If an exten- 
sive build-up is required in a difficult situation, 
such as a distal proximal box in a molar tooth, 
then an auto cure cement may be required. On 
the other hand, incremental placement of a dual 
cure Cement May suffice. 


Adhesion to enamel, dentine and composite 
resin 


Chemical adhesion is available between the cement 
and underlying tooth structure, provided that the 
smear layer and other debris have been removed 
first by conditioning with 10% poly(acrylic acid) for 
10-15 seconds. However, if the cement is being 
used simply asa conventional fining under an 
amalgam, for example, then this step is unneces- 
sary and can be omitted (Figures $.7—5.9), 
lf the cement is to be used as a base or dentine 
substitute under composite resin in the ‘sandwich’ 
technique, there are two interfaces to be consid- 
ered (Figure 5.2); 
® the union between the cement and the 
dentine 
® the union between the cement and the 
composite resin. 


With both auto cure and dual cure cements the 
union with tooth structure will arise through the ion 
exchange between the two, and will be enhanced 
by prior conditioning with poly(acrylic acid). 

The union between the composite resin and the 
cement is either mechanical or chemical. Vvith the 
auto cure cements it is necessary to etch the 
cement with 37% orthophosphoric acid for |5 
seconds to develop a roughened surface, rather 
like etched enamel, to ensure a mechanical union 


between the two, Etching for a longer period of 


time will only remove further cement and not 
improve the bond. Application of a chin layer of 
enamel resin bond will ensure a good union. 
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The dual cure cements, however, still retain a 
number of unreacted resin bonds, and these are 
penerally sufficient to develop a chemical union 
berween the two materials, Ecching is unneces- 
sary, but will do no harm if some acid does ger 
onte the surface. Application of a resin enamel 
bond will ensure good adaptation between the 
two materials, 

In theory, the technique should work well and 
provide the optimum ‘monolithic’ restoration. 
However, there are some limitations, and the 
following points should be taken Into account. 

The tensile strength of the cement is the 
weakest link in the chain, Therefore the strongest 
cement available should always be used, particu- 
larly if the restoration [5 to be subjected to heavy 
occlusal load. The Type Ill lining cements have 
been developed with this technique in mind, and 
the Type Il.2 cements are also satisfactory. The 
dual cure Type |l,| restorative aesthete cements 
have superior physical properties and better 
aesthetics, so they are also valuable in the laminate 
technique. In a situation Where aesthetics is of 
primary concern, such as a Class (V lesion, this is 
the material of choice (Figures 5.26—5,3] }, 

The dentine should be conditioned witha |G-—15- 
second, application of 10% poly(acrylic acid) to 
remove the smear layer and any other contaminants 
that may be presenc This will also pre-activare the 
‘calcium ions in the dentine in preparation for the 
ion exchange with the cement (Figure 5,3), 

The cement must cover all dentine tubules, 
should never be less than | mm thick, and the 
highest powder/liquid ratio available should be 
utilized, The cement can then be left exposed to 
the oral environment at the gingival margin of the 
restoration and full advantage taken of the 
adhesion to dentine as well as fluoride release. A 
cement with a low powder/liquid ratio should not 
be exposed to the oral environment at the 
margins of a restoration, because its physical 
properties are not good enough. 


Fluoride release 


Fluoride release is relatively Insignificant iW the 
cement is to be entirely covered by another 
restorative material, such as amalgam or compos- 
ite fesin, However, there are many circumstances 
in the sandwich technique where the cement will 
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Figure 5.4 


SEM of the surface of a glass-ionomer cement that has been cut back after 
setting but has not yet been etched. Note the matrix investing the glass 
particles and holding them together. Original magnification * 2000. 


Figure 5.5 


SEM of a glass-ionomer cement after etching for 15 seconds with 37% 
orthophosphoric acid, showing removal of the matrix and development of 
deep clefts between the particles, into which a low-viscosity resin bonding 
agent will penetrate. Original magnification & 2000. 


Figure 5.6 


SEM of the union between glass-ionomer cement and composite resin. 
Mote the intimate meeting at the interface. The cement is Ketac-fil and 
the resin is Visio-fil, with Visio-Bond used as the low-viscosity unfilled resin 
bending agent. The crack in the cement is an artefact caused by dehydra- 
tion of the specimen during preparation for viewing under the SEM. Onginal 
magnification & 300, 
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be exposed to the oral environment at the gingival 
margin, underneath the other material. Fluoride 
release will then be useful for caries control in both 
the restored tooth and adjacent ones (Figure 5.2). 


Physical properties 


The higher the powder content, the better the 
physical properties of the cement, and capsulation 


will remove all the variables from dispensing. Low 


powder/liquid ratios are acceptable only when the 
cement is to be entirely submerged under 
another restorative material and is not intended 
to be etched, 

All of the Type Ill lining cements are 
radiopaque, as are most of the Type Il cements. 
It is essential that radiopacity be available in situa- 
tions where monitoring with radiographs is 
required, and this will apply to all posterior 
restorations and occasionally to anteriors. 
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Clinical application 
Lining under an amalgam 


Figure 5.7 


An upper-right first molar with a large cavity present, 
including the loss of the entire lingual cusps. The radio- 
graph confirms that the pulp has receded and is still 
vital, and a glass-ionomer lining cement is to be placed. 
lt can be either chemically activated or light-activated. 


Figure 5.8 


As the lining is to be entirely covered by amalgam, 
there is no need to condition the cavity. The cement 
will be placed at a powder/liquid ratio of 1.5: 1, using 
a small calcium hydroxide placement instrument to 
paint the cement lightly over the dentine surface 
(simulated). 


Figure 5.9 


The cement placed on the floor of the cavity (Figure 
5.7) showing the full extent of the area to be covered. 
Note that the retention for an amalgam restoration is 
to be achieved with ditches and grooves 
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Class Il cermet cement/amalgam lamination 
restoration 


Figure 5.10 


A large cermet cement restoration of a distal Class | 
lesion in the lower-right first molar. There is an open 
contact with the adjacent tooth because of the diffi- 
culty of contouring a restoration of this size in using 
this material, 


Figure 5.11 


Bitewing radiograph shows that the cermer cement has 
been poorly placed at the gingival, that there is a rough 
proximal contour and that caries is sll present. Note 
recurrent caries in the opposing first and second 
molars and a distal cavity in the lower-right second 
Bicuspid, 


Figure 5.12 


Cavity design has been completed in the lower first 
molar. The rubber dam has been lifted mesially to show 
the condition of the gingival tissue in relation to the 
gingival margin of the cavity. The tissue tolerance of the 
original cermet cement was such that the gingival tissue 
remained moderately healthy. 


Figure 5.13 


A standard metal matrix has been placed without a 
matrix retainer and gently wedged at the gingival to 
give a degree of support without distortion (see Box 
G, page |41). The cavity was conditioned with 10% 
polylacrylic acid) for 10-15 seconds and then overfilled 
with a cermet cement, which was tamped into place 
with a small plastic sponge (see Figure 7.25). It was left 
ro set for 6 minutes. 
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Figure 5.14 


The cement was contoured under air/water spray at 


intermediate high speed to just below the contact area 
with the adjacent second molar. Nermal mechanical 
interlocks cut in the remaining tooth structure support 
the amalgam, and a groove cut in the cement ensures an 
interlock. A thin layer of cement has been left on the 
pulpal floor as a normal lining, A very small quantity of 
45% poly(acrylic acid) was applied to the cement on a 
cotton pledget and left for | minute. Excess was wiped 
off, but not washed off, 


Figure 5.15 


A normal amalgam matrix was applied and the amalgam 
condensed as usual, Nore the protective cavity design. 
The tunnel cavity in the second bicuspid was also 
restored with a cermet cement. The occlusal of this 
restoration was subsequently laminated with compos- 
ite resin. 


Figure 5.16 


Bitewing radiograph showing the finished restoration in 
the first molar as well as the tunnel restoration in the 
second bicuspid. The upper-right first and second 
molars have also been restored with amalgam over a 
cermet cement in a similar fashion. 


Figure 3.) 7 

A simulated restoration on an extracted tooth 
sectioned mesio-distally to show the cement occupying 
the gingival half of the cavity and spread over the pulpal 
floor as well as a lining. Note that there has been a 
small amount of mechanical retention provided along 
the gingival floor to compensate for the relative 
weakness of the ionic bond between dentine and the 
cement (page 62). 
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Class I! dual cure glass-ionomer 
cement/composite resin lamination 
restoration 


Figure 5.18 


A bitewing radiograph of the right-hand side shows the 
MOOD restoration in the second bicuspid in need of 
replacement and a small proximal lesion in the mesial 
of the first molar. Both restorations will be carried out 
as dual cure cement/composite resin laminates. 


Figure 5.19 


Occlusal view showing the faulty amalgam restorations. 


Figure 5.20 


The cavity has been prepared in the second bicuspid. 
Only the minimum of remaining tooth structure has 
been removed, and there is no retentive design incor- 


porated. 


Figure 5.2] 

A mylar strip was lightly wedged for support both 
mesially and distally to form a matrix, and the cavity 
was filled to excess with the dual cure cement. It was 
light-activated from several aspects for 20 seconds on 
each occasion to ensure the cement was adequately 
SET. 
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Figure 5.22 


The cement was cut back at intermediate high speed 
under air/water spray to expose all enamel margins and 
allow for the rebuild of the contact areas in compos- 
ite resin. The proximal boxes were left substantially 
restored with the cement. 


Figure 5.23 


The enamel margins were etched with orthophospho- 
ric acid for 15 seconds only, and then washed 
thoroughly and dried. 


Figure 5.24 


A light coating of a low-viscosity enamel bonding resin 
was applied and light-activated, and the remaining cavity 
was restored incrementally with composite resin. This 
illustration shows the finished bicuspid and, in part, the 
finished molar. 


Figure 5.25 


A, bitewing radiograph showing the completed restora- 
tions. Note the radiopacity of both the glass-ionomer 
cement and the composite resin. 
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Repair of an incisal edge—dual cure 


Figure 5.26 

The incisal corner of an upper central incisor has 
fractured following a fall. The corner was weakened by 
the presence of a small Class Ill composite resin on the 
mesial, 


Figure 5.27 


The finished cavity was conditioned with lI0% 
poly(acrylic acid) for 10-15 seconds, then washed well 
and lightly dried. 


Figure 5.28 


Using a mylar strip as a matrix, the cavity was overtilled 
with a dual cure cement and light-activated. Note that 
20 seconds of light activation from the labial left the 
lingual gingival region of the cement still unset. The light 
was applied for a further 20 seconds from the lingual 
to ensure complete set. 
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Figure 5.29 


The cement was cut back to expose all the labial 
enamel margin, which was then bevelled. The lingual 
remained restored in cement to within 2-3 mm of the 
incisal edge. 


Figure 5.30 


The enamel only was etched with orthophosphoric acid 
for 15 seconds, washed thoroughly and dried lightly. 
There was no need to etch the cement, because it will 
chemically unite with the composite resin. A light appli- 
cation of a low-viscosity enamel bonding resin was 
applied and light-activated before building the final 
restoration. 


Figure 5.31 


The completed restoration in composite resin, which 
was built incrementally and light-activated from both 
labial and lingual. 
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Repair of a traumatized incisal edge—auto 
Cure 


Figure 5.32 


Following a moter vehicle accident, this patient 
presented for emergency treatment with a Class Il 
fracture of the distal incisal corner of the upper-left 
central incisor. Dentine was exposed, but the pulp was 
still covered and vital. 


Figure 5.33 


The surface was conditioned for 10-15 seconds with 
[0% poly{acrylic acid), flushed and lightly dried. A Type 
ll.| restorative aesthetic cement was syringed over the 
dentine, without building up the incisal cormer. No 
matrix was used. Prior to complete set of the cement, 
It was covered with a very low-viscosity, light-activated 
bonding resin to prevent hydration or dehydration. The 
bond was activated, and the patient was immediately 
comfortable and safe. 


Figure 5.34 


Four weeks later, pulp tests suggested that the tooth 
had settled down and was unlikely to lose vitality, and 
so it was restored with composite resin, The cement 
was very lightly cut back to a fresh surface, the enamel 
was bevelled and both cement and enamel were etched 
with 37% orthophosphoric acid for [0-15 seconds. 
Composite resin was used to build up the corner. 


Figure 5.35 


The final restoration, photographed at the next 6- 
month recall visit. Pulp testing showed that the tooth 
was still vital, 
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Comparison of glass-ionomer cement with 
composite resin laminate 


Figure 5.36 


Two extensive Class V lesions on the upper right 
central and lateral incisors have been restored with an 
auto cure glass-ionomer cement. The shade match on 
the lateral incisor seemed to be less than ideal, so it 
was decided to laminate it with composite resin. 


Figure 5.37 


The cement was cut back to a depth of approximately 
2mm, The cement and the enamel were etched for |5 
seconds, washed thoroughly and dried lightly 


Figure 5.38 


The surface was covered with a light application of a 
low-viscosity unfilled resin enamel bond, and compos- 
ite resin was Built incrementally to complete the 
restoration 


Figure 5.39 


The two restorations 2 years after placement. It is still 
difficult to determine which is the glass-ionomer 
cement and which is the composite resin. 


Modified cavity 


designs suitable for 
restoration with 
glass-ionomer 
cements 


In the past dentists have been faced with a 
quandary in the restoration of a carious lesion. 
The tooth to be restored is already damaged and 
weakened by the presence of caries, and it has 
been necessary to inflict further damage on the 
tooth simply ta make room for the effective 
placement of the material being used for the 
repair. For example, what began as a very srnall 
lesion may become a relatively large restoration 
so that adequate condensation pressure can be 
applied to amalgam. Composite ‘resin does not 
flow very readily, and acess and convenience form 
need to be extended to allow correct placement. 
Restorations constructed using an indirect 
technique require the removal of considerable 
amounts of sound tooth structure to allow for 
development of a correct line of insertion. 

The situation is made worse by the fact that 
no restorative material can be regarded as perma- 
nent, and it is understood that there will, in time, 
be further breakdown of either tooth or restora- 
tion. The cavity will inevitably become larger and 
the remaining tooth structure will be weakened. 
Thus the cycle is likely to move faster to the next 
stage of breakdown and replacement. Significantly, 
alterations to the occlusal anatomy may lead to 
changes in occlusal harmony and the introduction 
of undue stress on remaining cusp inclines, deflec- 
tive inclines and functionally opening contacts— 
all of which will speed the decline and may lead 
to periodontal problems as well. 

Gold remains the material of choice for long- 
lasting restorations, but is both relatively 


expensive and unaesthetic. Composite resin, like 
amalgam, offers nto answer to this problem 
because neither its resistance to occlusal load nor 
ics long-term adhesion to dencine are satisfactory 
at present. 

While it ig not suggested that glass-ionomer 
cement offers any substantial change, it does 
provide the opportunity for introducing a 
modified cavity design forthe treatment of the 
initial lesion that may lead. to conservation of a 
considerable amount ‘of remaining unaffected 
tooth structure. Such minimal cavity designs 
should be regarded as a first stage prior to the 
more conventional designs that may still be 
required later in the downward disintegration of 
tooth structure. 

The advantages of the glass-ionomer cements 
for such restorations can be listed as follows: 


® minimal removal of sound tooth structure 15 
required for access and convenience form: 

@ there will be minimal alteration to ocelusal 
and proximal tooth anatomy; 

@ the cement flows freely and is simple to place; 

@ the adhesion and ion exchange with tooth 
structure unite and reinforce remaining 
enamel and dentine, and restore physical 
strength; 

® continuing fluoride release enhances caries 
Pesistance, 

@® it will be easy to maintain aesthetics. 


It must be emphasized that the concept applies 
only to the new lesion—and then only in the early 


MMadtied covdy desigrs suvieive for resto wth pitssionomer cements 


stages of progression of the caries into the 
dentine. It works best in the presence of routine 
systemic or topical fluoride, because this leads to 
better physical properties in the enamel, 
Involvement of the enamel in the carious lesion 
should not be great A suitable Class | lesion, for 
example. will show carious dentine beneath one 
section only of the fissure system, with the 
remainder of the occlusal surface still intact, The 
Class Il lesion on the proximal surface of a poste- 
rier tooth will normally commence as an elliptical 
area of demineralization immediately beneath the 
contact area, and the contact with the adjacent 
coorh icself will not be involved. There may, in fact. 
be litte or no cavitation in the enamel, even 
though there is radiographic evidence of advanc- 
ing caries in the dentine, Under these circum- 
Stances there is no need to remove the 
demineralized enamel, because it can be reminer- 
alized through the presence of fluoride, both from 
the cement and topically applied. As the enamel 
breakdown extends, the need to involve it in the 
cavity design increases until, eventually, the 
marginal ridge becomes so weakened that a 
conventional design becomes necessary. 

Each new lesion should be explored and 
entered with a minimal cavity design in mind, 
Having develaped access and convenience form, 
a decision can be made on the design to be 
followed, Wf che marginal ridge is scill intact or the 
occlusal enamel is not unduly undermined, the 
minimal cavity may be accepted as complete and 
restoration undertaken, On the other hand, if the 
destruction is too great, the minimal concept may 
have to be abandoned and a conventional design 
employed. This progression is sensible and 
acceptable, because the minimal design does not 
require removal of any tooth structure that 
would not be involved in a conventional design. 

If, upon completion of the restoration, there is 
any doubt concerning the ability of the glass- 
jonomer cement to withstand the occlusal stress, 
or the surrounding enamel requires further 
support, the cement can be cut back and 
laminated with composite resin. It is essential to 
use a cernenc chat is radiopaque so that the 
restoration can be monitored in the future, The 
dual cure cements are the logical choice, because 
they flow readily, adapt well to the cavity, are 
radiopaque and have superior physical properties, 

Breakdown at a later date will generally not 
occur because of recurrent caries but only 


through failure of enamel, Repair of a failed 
marginal ridge, for example, can often be carried 
out quite simply with minimal destruction of 
remaining tooth using composite resin laminated 
to the existing glass-ianomer cement. 


Cavity designs 


The following is the classification for minimal 
COvities: 
@® Class Ifissure seal 
® lrternal fossa cavities (tunnels) 
Class Il occlusal approach 
Class ll proximal approach 
Class Ill buccal or lingual approach 


The design of the minimal cavity will be predicated 
to a large degree on the pattern of the carious 
lesion, Typical lesions are shown in Figures 6.1 and 
6,19-6,22. Note the relatively limited entry and 
slow progress through the enamel in both the 
Class | and Il lesions, followed by dentine involve- 
ment over a broader area. Progress through the 
dentine follows the curve of the tubules towards 
the pulp, and, particularly in the Class |I cavity, this 
takes the lesion down and away from the contact 
area and marginal ridge. Further involvement 
towards the occlusal represents a later stage of 
development, by which time, generally, the contact 
area will also be involved, 

The theory of ‘infected dentine’ and ‘affected 
dentine’ in the advancing lesion Is also relevant co 
this cavity design. It Is accepted thar demineral- 
ization and softening of the dentine is always 
some distance in advance of the bacterial invasion 
and chat removal of the infected dentine alone is 
sufficient to arrest progress. This means there is 
no need to remove all discoloured and softened 
dentine. It is sufficient to develop clean walls 
around the periphery of the lesion, leaving 
relatively bacteria-free dentine over the axial wall 
or pulpal floor. If the margin can now be 
completely sealed against Ingress of further bacte- 
ria ar bacterial nucriencs from che oral environ- 
ment, the caries will mot progress, and the 
softened dentine will remineralize. This process 
will be enhanced by the presence of the fluoride 
that is available from the cement 

Cavity designs can be discussed with the 
foregoing in mind, 


Class I/fissure seal 


The concept of the fissure seal, as discussed by 
Simonsen and others, is particularly sound in a 
newly erupted tooth. Before a deep fissure 
becomes partially occluded by plaque and pellicle, 
and before the advance of a carious lesion into 
dentine, sealing a fissure with a resin sealant has 
an acceptable clinical history. It has been shown 
that a glass-ionomer cement will also successfully 
occlude such a fissure and will seal through 
chemical union with the enamel. The cement will 
also release fluoride. It should be noted, however, 
that neither a resin nor a glass-ionomer cement 
will flow into a fissure beyond the point where 
the fissure narrows down to approximately 200 
tim in width (Figures 6.3 and 6.4). Therefore 
retention of both materials depends upon 
adhesion to the enamel at the entrance to the 
fissure rather than mechanical interlocking into 
the complexities of the fissure. 

The Class I/fissure seal combination restoration 
using glass-ionomer cement represents the next 
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Figure 6.1 


An extracted tooth has been sectioned to show three 
different carious lesions and the direction of penetra: 
tion of the advancing caries. Note the two stages of 
the Class | occlusal lesions. On the left the caries has 
only just penetrated through the fissure and entered 
the dentine, but on che right the pulp is now involved. 
The penetration by the caries is twice as deep as it is 
wide and has followed the direction of the dentinal 
tubules, The proximal lesion on the left has entered 
the enamel on a narrow front and then progressed 
inwards and downwards along the path of the dentinal 
tubules, This pattern of attack is significant in the design 
of cavities that are intended to remove caries only and 
minimize the loss of further tooth structure. 


step in treatment of a Class | lesion, and i 
designed to minimize the tooth destruction and 
weakening effect of the standard cavity design 
prepared for the placement of amalgam or 
composite resin. As the patient ages, an unsealed 
fissure may become susceptable to a newly initi- 
ated attack of active caries. The walls of the fissure 
will demineralize, and dentine involvement may 
follow rapidly, particularly in relation to a relatively 
small defect in an otherwise sound fissure system. 
Once the lesion reaches the dentine, the speed of 
advance may be affected by the high hydraulic 
pressure that can build up within the crown of the 
tooth during mastication, and, particularly where 
the enamel! is well fluoridated, the lesion can be 
well advanced before the enamel roof collapses. 
The lesion may be evidenced only by a colour 
change on the occlusal surface or radiographically, 

Often under these circumstances, the remain- 
ing fissure system will be sound and not involved. 
However, prudence may suggest that minor 
apparent defects should be explored before 
sealing the entire system. The material of choice 
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for this restoration is glass-ionomer cement 
because of its ability to flow into and seal narrow 
conservative cavities as well as its fluoride release. 
If the main enamel lesion is too extensive and 
there is doubt about the ability of the cement to 
withstand the occlusal load, it can be cut back 
conservatively and laminated with composite 
resin (Figures 6.1 1—6.16). 


Instruments required (see Box E, page [39) 


Small tapered diamond stone at intermediate 
high speed (40000 revolutions/min) under 
air/water spray, to open into the carious lesion. 
Very fine diamond point, to follow out the 
fissures. 

Small round burs, sizes 1/011-O16, for caries 
removal. 


Preparation and restoration 


Use a small tapered diamond bur at intermediate 
high speed under air/water spray to open into 
the lesion and gain access and visibility. 


Use a very fine tapered diamond to explore 
the remaining fissures as required to make 
sure there are no other similar lesions that 
did not show on the radiograph. 

Remove remaining infected dentine with hand 
excavators or small round burs at slow speed. 
Use binocular loupes, good illumination and 
disclosing solutions as required. Do not 
advance pulpally any further than essential, 
but develop clean dentine walls around the 
entire periphery. 

Condition the cavity as prescribed. 

Restore with a dual cure glass-ionomer 
cement for preference because of the superior 
physical properties and radiopacity. An auto 
cure is satisfactory, but the setting character- 
istics and water balance must be taken into 
account and radiopacity is mandatory. 

Place the cement with a syringe to ensure 
positive placement into the narrow fissures. 
When using an auto cure cement, use a small 
piece of lead foil cut from the back of a radio- 
graph packet as a matrix to apply positive 
pressure. 

Cut back the cement and laminate with 
composite resin only if there is doubt about 
the ability of the cement to withstand the 
occlusal load. 
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Figure 6.2 


Section through the crown of an extracted tooth, 
showing a simple, open-fissure pattern with wide access 
that has been restored to its full depth with a glass- 
ionomer cement (dyed red and blue), 


Figure 6.3 


Section through an extracted tooth, showing the 
restriction part way down the fissure. This is a 
common problem, which limits the ability of a fissure 
seal to penetrate to the full depth of a fissure and may 
lead to failure. Note the demineralization along the 
walls and at the base of the fissure. Sealing the entry 
to the fissure will probably arrest this activity, but 
caries in the dentine cannot be assessed without explo- 
ration. 


Figure 6.4 


Section through a molar tooth that has been restored 
with a resin fissure seal. Note that the resin has not 
penetrated into the fissure beyond the point where the 
fissure is 200 um wide (cf. Figure 6.3). 


Figure 6.5 


A further specimen sectioned mesio-distally following 
restoration with a cermet cement (see Figures 
6.6—6,10). There are two minor fissures opened very 
conservatively, with a third opened sufficiently to allow 
removal of a small area of caries. 
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Simulated placement 
Class I/fissure seal 


Figure 6.6 


The occlusal surface of an extracted third molar, 
showing the typical convoluted fissure pattern. The 
central fossa will catch a fine probe, and it is reason- 
able to expect to find caries beneath. The remaining 
fissures are difficult to judge, and should be explored. 


Figure 6.7 


(a) Preparation of the cavity in the tooth shown in 
Figure 6.6 revealed a moderate amount of caries in the 
central fossa and minor involvement of the fissures 
radiating out across the occlusal surface. These were 
opened very conservatively with a very fine diamond 
point, without completely penetrating the enamel (see 
Box E, page 139). Having determined that these fissures 
were free of caries, the cavity was restored with a 
cermet cement. (b) The tooth was sectioned three 
times in a bucce-lingual direction for further examina- 
b tion (Figures 6,.8-6, 1/0). 
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Figure 6.8 


Slice A shows the mesial pit, which was carious and 
has been satisfactorily restored with the cement. 


Figure 6.9 


Slice B runs along the buccal fissure, and shows the 
way it is ramped up to the occlusal surface without 
fully penetrating the enamel. 


Figure 6.10 


dice C crosses the two distal fissures, and confirms 
that the enamel is again not penetrated and has been 
satisfactorily sealed with the cement. 
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Clinical placement 
Class |/fissure seal—dual cure cement 


Figure 6.11 


A bitewing radiograph showing a deep lesion beneath 
the occlusal fissure of the lower right second molar in 


a patient aged 25 years. 


Figure 6.|2 


Occlusal view of the same tooth, showing che limited 
extent of the enamel involvement. 


Figure 6.)3 


The completed cavity being conditioned with 10% 
poly(acrylic acid) for 10-|5 seconds. Ac the deepest 
section the cavity was 8mm deep. Note the minimal 
involvement of the remaining fissures, which were 
explored very conservatively with a very fine diamond 
to ensure there was no further caries present. 


Figure 6.14 


The cavity was restored with a dual cure cement and 
light-activated for 40 seconds from the occlusal, Depth 
of penetration of the light was expected to be 4 mm, 
but the remaining cement will set quite rapidly via the 
usual acid/base reaction, Alternatively, the cement may 
be built and light-activated incrementally. As a moder- 
ate area of the occlusal surface was involved, the load- 
bearing area was cut back immediately, ready for 
lamination. 
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Figure 6.15 


The enamel margins only were acid-etched, and the 
occlusal surface was restored using the lamination 
technique with composite resin. 


Figure 6.16 


A bitewing radiograph showing the completed restora- 
tion. Note the difference in radiopacity between the 
cement and the dentine. Also, a small amount of 
affected dentine was left on the pulpal floor to avoid a 
possible pulp exposure. As the cavity is completely 
sealed, the dentine is expected to remineralize. 


Figure 6.17 


A fissure seal placed 10 years previously using an auto 
cure cement. 


Figure 6.18 


A fissure seal using an auto cure cement, photographed 
at 8 years. 
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Class II occlusal approach 


As discussed above, the early proximal lesion on 
a posterior tooth will commence in the enamel 
immediately below the contact area because this 
is Where plaque will accumulate and mature 
(Figures 6.19-6.22). Initially, the contact itself will 
remain plaque-free because of movement 
berween the teeth, and the degree of fluoride 
already in the enamel will probably control the 
speed at which the enamel will actually undergo 
cavitation, Often, particularly in fluoridated 
communities, the enamel will remain relatively 
intact although demineralized until the dentine 
lesion is quite advanced. lt will take up stain and 
become disfigured, but in the presence of further 
fluoride it may remineralize and become harder 
than the original enamel. Under these circum- 
stances, it ts unnecessary, and in fact undesirable, 
to remove this area of enamel, because removal 
will separate and further weaken the cusps. 

As the lesion develops, some degree of break- 
down and cavitation of the enamel will eventually 
accur, but this will remain confined to the area 
below the contact until it is quite advanced. There 
will generally be a zone of demineralized enamel 
surrounding the cavitation, but this remains 
capable of remineralization In the presence of a 
fluoride-containing cement, The contact area may 
remain sound and the marginal ridge may be quite 
strong, particularly following reinforcement with 
an adhesive cement 

Access to the carious dentine through the 
ecclusal surface should be limited to the extent 
required to achieve visibility, and, where possible, 
should be undertaken from an area that is not 
under direct occlusal load. For most patients 
there is a fossa immediately medial to the 
marginal ridge, which ts the most suitable region 
for initial entry and, in a normal occlusion, is not 
an area of occlusal contact An examination of 
study models will often reveal the preferred 
position for access. 

As far as possible, maintain the integrity of the 
marginal ridge, Explore the demineralized proxi- 
mal enamel with care, and do not break it down 
unless this is essential, Discoloured and deminer- 
alized enamel can remain undisturbed unless ic is 
very friable and actually cavitated. If there is any 
doubt about the safety of the adjacent tooth, 
place a short length of a metal matrix strip inver- 
proximally to protect it and support the matrix 
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with a wooden wedge. lc is unnecessary to wedge 
firmly, because the contact will scill be viable and 
does not need to be rebuilt. 

The removal of carious dentine should be 
confined to removal of infected dentine only and 
the development of clean sound dentine walls 
around the circumference. Affected, demineral- 
med dentine on the axial wall may be left behind. 
particularly if there is a risk of pulp exposure if 
i¢ is disturbed. No retentive elements are 
required in the design, because the cement will 
be retained through adhesion, 

The cement most suitable for the restoration 
will be radiopaque with good physical properties, 
A dual cure cement is satisfactory, providing it 
can be adequately light-activared. If the occlusal 
area involved is large or under heavy occlusal 
load, it may be desirable to cut the cement back 
about 2-3 mm and laminate the surface with 
composite resin. This will reinforce both the 
cement and the marginal ridge through the acid- 
etch union of the resin to the enamel, 


Instruments required (see Box E, page 139) 


® Small, tapered diamond stone at intermediate 
high speed (40 000 revolutions/min) with air/ 
water spray, to open the occlusal enamel, 

@ Small round burs, sizes 1/0! 1-016, for caries 
removal. 

® Long-shank bur for difficulr access, 

@ Access for hand instruments is limited. but 
the MC | double-bladed chisel may be useful. 


Preparation and restoration 


® Wse a small tapered diamond stone at inter- 
mediate high spéed under air/wacer spray, 
and enter from the fossa immediately medial 
ro the marginal ridge. Angle the stone 
rowards the lesion, and progress inwards and 
Fingivally until the lesion can be identified. 

® Upright the stone towards the marginal ridge, 
and lean it buccally and lingually to develop a 
funnel-like approach with a triangular entry 
from the occlusal to improve visibility and 
acoess. Good illumination and magnification 
are desirable. 


® Use small round burs at slow speed to 


remove infected dentine from the full circum- 
ference of the lesion. Take care on the axial 
wall to protect the pulp. Use caries-disclos- 
ing solutions as required to remove infected 
dentine, but leave affected dentine undis- 
turbed. 


® Carefully examine the enamel wall. If ic is not 


cavitated, do not prepare it any further. If 
there is cavitation, protect the adjacent tooth 
with a metal matrix band and remove friable 
enamel rods carefully with a small hand 
instrument such as the MIC | chisel. Leave the 
matrix in place during restoration. 


® Condition the cavity and restore with the 


selected cement. Place the cement with a 
capsule or a disposable syringe to optimize 
adaptation to the cavity walls, and, if using an 
auto cure Cement, use a small piece of lead 
foil from the back of a radiograph as a matrix 
to apply additional pressure. 

@® Cut back the cement and laminate the 
occlusal entry with composite resin only if 
there is doubt about the ability of the cement 
to withstand the occlusal load. 


Class !] proximal approach | 


A, further very conservative approach to the 
restoration of a proximal lesion can be achieved 
on limited occasions only when the proximal 
surface of a posterior cooch becomes accessible 
at the time of cavity preparation in an adjacent 
tooth. The lesion may have been revealed 
through radiographs or may be noted only during 
cavity preparation. The adjacent cavity will 
normally need to be of reasonably penerous 
proportions to allow room for manoeuvre, but 
when such an approach is possible, it leads to 


considerable conservation of natural tooth struc- 


ture (Figures 6.53—6.58). 
In view of the direction of the progress of the 


carious lesion through the enamel and dawn the 


dentine tubules (Figure 6.22), it is not difficult co 
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clean the cavity, trim the enamel walls and elimi- 
nate infected dentine. 

As the entire restoration will probably be 
covered and disguised by the adjacent tooth, it is 
necessary to use a radiopaque cement. and, in view 
of probable difficulties in access for light activation, 
the cement selected should be an auto cure. 


Instruments required (see Box E, page |39) 


@ A small tapered diamond stone at intermedi- 
ate «high speed (40000  revolutions/min) 
under air/water spray to open the enamel 
lesion. 

@ Small round burs, sizes 1011-016. for caries 
removal. 

@® Use a long-shank bur for difficult access. 

@® Access for hand instruments is limited, but 
the MC | double-bladed chisel may be useful. 


Preparation and restoration 


@ Enlarge access into the enamel lesion using a 
‘small tapered diamond stone at intermediate 
high speed under air/water spray with pood 
illumination and magnification (Figures 
6.59-6.62). 

® Remove the infected dentine with small 
round burs at slow speed. Burs with long 
shanks may be required for correct bur place- 
ment. Use disclosing solutions as required, 
and make sure the circumference of the 
cavity is completely clean to allow for 
adhesion, 

® Condition the cavity. and use a short length 
of mylar strip as a matrix, supported as 
required with a wedge. 

® Restore using a radiopaque cement, such as 
a Type IL2 auto cure, so that it can be 
monitored radiographically in future. 

e Contour and polish immediately prior to 
placing the adjacent restoration, 
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Figure 6.19 


The proximal surface of an extracted tooth, showing 
the contact area and a small area of demineralization 
immediately beneath. 


Figure 6,21 


Another extracted tooth, showing a more advanced 
carious lesion below the contact area, which is already 
cavitared, 


Figure 6.20 


The tooth shown in Figure 6.19 sectioned to reveal the 
penetration of the demineralization into the dentine. 
However, the enamel is not cavitated and may be 
remineralized, It is, therefore, unnecessary to break it 
down and remove it while restoring the carious 
dentine. 


Figure 6.22 


The tooth in Figure 6.2! has been sectioned, and shows 
the cavitation and the direction of the advance of 
demineralization down the dentine tubules, Infected 
dentine will not have progressed far beyond the enamel! 
cavitation. 
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Simulated restoration 
Class |I—occlusal approach 


Figure 6.23 


There is a mesial carious lesion on this extracted tooth, 
which has been mounted to allow a simulated cavity to 
be prepared under ‘clinical conditions’. Enter the lesion 
with a small tapered diamond stone at intermediate 
high speed, aiming at the approximate position of the 
carious dentine. Place a short length of a metal matrix 
strip to protect the adjacent tooth if it is at risk. 


Figure 6.24 


Having identified the caries, upright the same tapered 
diamond stone and lean it buccally and lingually to 
provide a ‘funnelled’ access to the cavity. 


Figure 6.25 


An occlusal view showing the outline to be achieved 
to provide convenience and access to the caries. 
Remove the infected dentine using long-shank small 
round burs. Carefully clean the walls, but be conser- 
vative with both the axial and the enamel wall. Use a 
disclosing solution as required. 


Figure 6.26 


Condition the cavity with 10% polyacrylic acid) for 
0-15 seconds, wash thoroughly and dry lightly. Do 
non dehydrate. 


Modified cavity designs sutable for restoration with ploss-ionomer cements 


Figure 6.29 


The proximal surface of the tooth immediately after 
restoration. Note the amount of tooth structure 
retained because of the conservative approach. The 
presence of demineralized enamel is of no concern, 
because it will remineralize through the presence of the 
fluoride released from the cement. 


Figure 6.27 


Place a short length of mylar strip or metal matrix band 
to act as a matrix for the cement. Support lightly with 
a wedge. Place the tip of the syringe to the bottom of 
the cavity and, to minimize air inclusions, continue to 
extrude cement while withdrawing the syringe. 


Figure 6.28 


The completed restoration. If the occlusal load is 
unduly heavy, the cement can be cut back and 
laminated with composite resin. 


Figure 6.30 


The tooth has been sectioned through the restoration 
to show the extent of the cavity. Mote the strength in 
the remaining marginal ridge as shown in the last two 
lustrations. 
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Clinical placement—auto cure 
cement 


Class [l—occlusal approach 


Figure 6.31 


Ay radiograph reveals a small carious lesion at the distal 
of the upper-right first molar. 


Figure 6.32 


The access cavity on the occlusal is approximately 
triangular in outline, maintaining the strength of the 
marginal ridge. The caries is cleaned out with a small, 
round bur, and then the cavity is conditioned with |0% 
poly(acrylic acid) for 10-I3 seconds. 


Figure 6.33 


A matrix is wedged firmly into place using a short 
length of mylar strip 
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Figure 6.34 


The cement is placed in at least two increments, and 
tamped into place with a small plastic sponge. A small 
soft-metal matrix is placed over the occlusal to force 
the cement into place and left until it has set. 


Figure 6.35 

Because the cement used is a fast-setting cement, 5 
minutes from the start of mix, the excess is trimmed 
and the cement polished with mild abrasive cups and 
points under air/water spray. 


Figure 6.36 

Radiograph of the completed restoration, lf aesthetics 
is of concern, the occlusal 2 rnm can be trimmed back 
arid composite resin applied using the sandwich 
technique. 
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Class Il tunnel through an existing cavity 


Figure 6.37 

A bitewing radiograph reveals a small carious lesion at 
the distal of the lower-left molar. The existing occlusal 
Class | amalgam is classified as requiring replacement, 
so the distal lesion will be approached through the 
occlusal cavity. 


Figure 6.38 


The amalgam has been removed, and the carious lesion identified and 
cleaned. Access under these circumstances is straightforward, and visibil- 
ity Is not a problem. The metal matrix was placed early to avoid damage 
to the adjacent tooth during cavity preparation. 


Figure 6.39 


A cermet cement has been syringed into the cavity and tamped inte place 
with a small plastic sponge. Note the excess cement that has extruded 
beyond the matrix, thus ensuring good adaptation to the enamel. The same 
cement has been spread on the floor of the cavity as a lining. 
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Figure 6.40 Figure 6.4] 


Amalgam has now been replaced in the main cavity, Radiograph showing the completed restoration. 
since it was considered too large to be restored in 
glass-ionomer cement alone. 


Longevity in tunnel restorations 


Figure 6.42 
(a) Tunnel restorations were placed approximately 3 
years ago in the lower-right second bicuspid. It became 


necessary to replace the amalgam restoration in the 
a mesial of the first molar. 


(6) On removing the amalgam from the first molar, the 
distal of the second bicuspid was revealed. More the 
apparent stability of the enamel following remineraliza- 


3 tion, which arose, at least in part, from the glass- 
aa b ionomer cement in the tunnel restoration. 
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Figure 6.43 


A, Class Il occlusal approach tunnel restoration in the 
distal of the lower-left second bicuspid. lt has been in 
place for 3 years, and the amalgam restoration now has 
to be replaced because the mesio-lingual cusp is split. 
A, bitewing radiograph shows that there is no further 
caries and the proximal enamel is relatively intact. 


Figure 6.44 


The amalgam has been removed to reveal the proxi- 
mal surface of the second bicuspid. Note the very 
limited extent of the enamel involvement in the tunnel 
cavity. The enamel appears to have remineralized and, 
although stained and disfigured, is sound. 


Figure 6.45 


Two Class Il occlusal approach restorations in a cermet 
cement in adjacent teeth that have been in place for 6 
years. 


Figure 6.46 


A bitewing radiograph of the restorations shown in 
Figure 6.45 indicates no change over that period of 
time. 
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Class I! tunnel — occlusal approach — 
dual cure cement 


Figure 6.47 


A bitewing radiograph shows a proximal lesion in the 
distal of both the first and second deciduous molars. 


Figure 6.48 


An occlusal view of the lesions before treatment 
commenced. 


Figure 6.49 


The completed cavity preparations. Note that in the 
first molar there is still enamel proximal contact 
because only the demineralized tooth structure has 
been removed and the walls of the cavity cleaned. The 
cavity in the second molar has been designed as an 
occlusal approach tunnel. 


Figure 6.50 


A short length of mylar strip has been lightly wedged 
in place to act as a matrix for each restoration. The 
cavities were conditioned, washed and dried lightly, 
then restored with a dual cure cement. 


113 


li4 


a 


C 


An oties of gloss-ionomer cements 


Figure 6.51 


An occlusal view of the completed restorations. Note 
the excellent colour match, 


Figure 6,52 


(a) A bitewing radiograph showing the finished restora- 
tions. 


(5) 1S months after placement, the teeth were 
removed to allow eruption of the two bicuspids. The 
second molar has been sectioned to show the design 
of the “tunnel cavity’ preparation. 


(c) The proximal surface of the second molar prior to 
sectioning. Note an apparent lack of progress in the 
enamel lesion ower the past 15 months. The adjacent 
first permanent molar showed no surface demineral- 
ization. 
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Simulated restoration 
Class [!—proximal approach 


Figure 6.53 

Restoration of a lesion in an extracted tooth. A large 
cavity has been opened in the mesial of a first molar, 
revealing a proximal lesion in the distal of the second 
bicuspid. 


Figure 6.54 


A radiograph confirms the extent of the lesion. 


Figure 6.55 


The presence of the adjacent tooth limits the angle at 
which the bur can be manipulated in the handpiece. 
However, since the caries will penetrate down the 
dentinal tubules away from the occlusal, this angle of 
approach generally coincides with the progress of the 
lesion (Figure 6.1). The full extent of the enamel lesion 
can be removed, and the carious dentine can be dealt 
with, 
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Figure 6.56 


The cavity can now be conditioned and restored with 
a radiopaque fast-setting cement. Five minutes from the 
start of mix, the cement can be contoured and polished 
completely. 


Figure 6.57 


A Matrix can now be placed on the adjacent molar, and 
the restoration of choite carried out. 


Figure 6.58 


The assembled teeth have been sectioned mesic- 
distally to show the design of the tunnel cavity. More 
that the design of the cavity follows the dentinal tubules 
and that this coincides with the direction of penetra- 
tion of the caries (Figure 6.1). 
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Clinical placement 
Class Il—proximal approach 


Figure 6.59 


On opening the mesial cavity in an upper-right second 
molar, a lesion became obvious in the distal of the first 
molar. Radiographically, there was very little penetra- 
tion into the dentine, and so a proximal approach was 
carried out, 


Figure 6.60 


The completed cavity, showing that the enamel wall is 


caries-free. 


Figure 6.6| 


A short length of mylar strip is used as a matrix, and, 
after conditioning the cavity, this is wedged into place 
and the cement is syringed and tamped into the cavity. 


Figure 6.62 


The matrix can be removed at 4 minutes from the start 
of mix, and the cement trimmed and polished immedi- 


ately, 


Class Ill buccal or lingual approach 


There are some circumstances under which it may 
be prudent and conservative to enter a carious 
lesion on the proximal surface of a posterior 
tooth from either the buccal or the lingual rather 
than from the occlusal or the proximal. The resul- 
tant cavity is classified as a Class |I| tunnel because 
it closely resembles such a cavity in an anterior 
tooth, and the problems presented are similar. 

The decision concerning the side of entry will be 
dictated primarily by the position of the lesion and 
secondarily by the need for access and convenience. 
The cavity design is appropriate generally in the 
ageing patient where a degree of gingival recession 
has exposed the root surface and a carious lesion 
has developed well gingival from the contact area. 

lt is, of course, possible to approach an initial 
lesion immediately under the contact area in a 
young patient with this design. However, the 
closer the cavity is to the marginal ridge, the 
more likely it is that the ridge will fail at a later 
date. The lesion in the older patient will be well 
below the contact area, and remaining tooth 
structure is therefore less likely to fail subse- 
quently (Figures 6.63-6.66), 

The problem will usually be related to root 
surface caries on am otherwise unrestored tooth 
or to an open margin on a crown, ort may be 
recurrent caries in relation to an overhanging 
margin on an old restoration: A careful history 
should be elicited, because such lesions are often 
related to a functionally opening contact, and this 
should be dealt with at the time of restoration by 
adjusting the occlusion. 

The condition of the previous restoration will 
need to be carefully assessed. With an old 
amalgam, for example, the question may be 
whether to replace the entire restoration or 
develop a Class I/II tunnel. If the occlusion, proxi- 
mal contour and contact and the margins are 
sound, it may be far kinder to an elderly patient 
to provide the minimal treatment im the form of 
a tunnel (Figures 6.67-6.74). For restoration of a 
lesion Under a full crown the tunnel is only justi- 
fied when the remaining margins are entirely 
acceptable and caries-free. 

It Is particularly important when dealing with 
root surface caries to differentiate between 
infected and affected dentine, and a disclosing 
solution may be of value, It is only necessary to 
remove the infected dentine and leave any further 
softened, demineralized, affected dentine on the 
axial wall undisturbed to avoid the risk of a pulp 
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exposure. The tissue compatability of glass- 
ionomer cement is such that a lining under the 
cement is unnecessary. 


As it may well be difficult to monitor the 


restoration in the future without radiographs, it 
is recommended that a radiopaque cement be 
placed, Providing there \s sufficient access for the 
correct positioning of an activator light. a dual 
cure cement is probably the material of choice 


Instruments required (see Box E, page 139) 


Small, tapered diamond stone at intermediate 
high speed (40000 fevolutions/min) with 
air/water spray, to open into the lesion at the 
expense of both footh structure and old 
restoration, 

Small round burs, sizes |/01/+016, for caries 
removal, 

Long-shank round burs may be required for 
deep access, 

Round bur, size 1/011, for retention, 

Access for hand instruments is limited, 


Preparation and restoration 


Enter the lesion from the buccal or the lingual 
as the position of the carious lesion dictates, 
using the small tapered diamond stone at 
intermediate high speed under air/water 
spray. 

Begin slightly occlusal to the lesion, and move 
interproximally and gingivally until the lesion 
is clearly visible. Sacrifice sufficient tooth 
structure or old restoration to allow access 
and convenience form without unduly 
weakening the marginal ridge. 

Use small round burs at slow speed to 
remove all infected dentine and develop clean 
walls around the entire circumference. Leave 
the axial wall, even though ic is demineralized, 
If possible, retain the wall at the opposite side 
from the entry, to provide a positive finishing 
line for the restoration, 

Wse a short lengeh of a metal matrix to protect 
the adjacent tooth while working, Wedge the 
matrix carefully when placing the cement. 
Restore using a radiopaque cement. If access 
is avallable for correct placement of the 
activator light, use a dual cure cement. 

Trim and contour carefully after placement to 
ensure there is no overhang or overconcour. 
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Simulated restoration 
Class Il-—buccal approach 


Figure 6.63 


A reot surface caries lesiom on the distal of an extracted molar tooth. 


Figure 6.64 


The tooth has been set up in a simulated situation and 
the cavity prepared. Open initially with a small tapered 
diamond, beginning from just occlusal to the lesion. 
Clean the walls with long-shank round burs, and retain 
the wall opposite to the entry if possible. 


Figure 6.65 


The completed cavity from the distal, showing reten- 
tion of the lingual wall and the approach fram the 
occlusal ac the entry side. 


Figure 6.66 


The completed restoration using a dual cure cement. 
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Clinical placement 


Class /ll tunnel, buccal approach—auto 
cure cement 


Figure 6.67 


An upper-right first molar has over-erupted, and now 
shows root-surface caries beyond the gingival margin 
of an old amalgam. The amalgam is considered to be 
otherwise satisfactory, so a buccal approach to the 
carious lesion is the method of choice. 


Figure 6.68 


The initial approach is at the expense of enamel and 
the old restoration only to determine the extent of the 
problem, 


Figure 6.69 


Having determined the extent of the problem, the 
cavity outline is completed, including further removal 
of some of the old amalgam to gain full access. 


Figure 6.70 


A simulated cavity on a similar extracted tooth, to 
demonstrate the extent of the cavity design. Retention 
has been provided with shallow grooves in the occlusal 
and gingival walls, and the lingual wall has been retained 
as far as possible to act as a base against which to place 
the cement. 
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Figure 6.71 


A short length of mylar strip is wedged into place as a 
matrix, and the cavity is conditioned, washed and dried. 


Figure 6.72 


The cement is tamped into place in at least two incre- 
ments, and at 6 minutes from the start of mix it can 
be trimmed and polished. 


Figure 6.73 


The same restoration shown in this series 7 years after 
placement. 


Figure 6.74 


A similar Class Ill tunnel restoration 6 years after 
placement. This restoration was briefly revealed 
through the loss of the crown on the second bicuspid. 
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Class If tunnel, buccal approach—dual 
cure cement 


Figure 6.75 


A moderately extensive root surface caries lesion at 
the mesial/gingival margin of the upper left first bicus- 
pid. 


Figure 6.76 


The cavity is conditioned for 10-15 seconds, washed 
and dried (but mot dehydrated) before placement of the 
Cement. 


Figure 6.77 


The completed cavity design. Note that access is gained 
at the expense of the tooth structure towards the 
occlusal without weakening the marginal ridge. A short 
length of mylar strip is placed and supported with a 
wedge to act as a matrix. The cement will be light- 
activated from both the buccal and the lingual for 20 
seconds. 


Figure 6.78 


The finished restoration immediately after removal of 
the rubber dam. 


7 Instructions for 
dental assistants 


As with all dental materials, the dental assistant 
plays an important part in correct handling and 
clinical success. This chapter is therefore designed 
to help the dental assistant to understand the 
handling requirements of the glass-ionomer 
cements. As all three types are essentially the 
same from a chemical point of view, they can all 
be discussed under the same headings. There is 
nothing particularly difficult in the storage, 
dispensing or mixing of these materials, but preci- 
sion and understanding are a necessary part of 
good dental assisting, and the following points 
should always be observed when handling the 
glass-ionomer cements. 


Storage of cement in bottles 


Powders or liquids supplied by different manufac- 
turers or of different types must never be inter- 


changed. They are all different, and an interchange 
of components will destroy properties. 

Because the glass-ionomer cements are water- 
based, they will always be subject to further loss 
or uptake of water. Therefore both powder and 
liquid bottles should remain firmly closed at all 
times (Figure 7.1). 

With some of the materials available, the liquid 
supplied is a type of poly(alkenoic acid). VVith 
others, the poly(alkenoic acid) has been 
dehydrated and is already incorporated in the 
powder. In this case the liquid will be water or a 
solution of tartaric acid. 

If the liquid being used is poly(alkenoic acid), it 
will be subject to water uptake, and the bottle 
should remain firmly closed, In addition, it will 
tend to age and thicken over a period of time. 
Within 12 months of manufacture, the viscosity 
may increase to the stage where it flows very 
slowly and is difficult to dispense accurately. The 
liquid can be thinned down as follows: 


Figure 7.| 


Figure 7.2 
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® Immerse the entire bottle, with the lid on, in 
water at 75°C (167°F) for 15 minutes. Stand 
the bottle in a rubber bowl and let water 
from the hot tap run over it. The bottle will 
float on the top of the water, but the temper- 
ature will be about right (Figure 7.2). 

® Test it at 15 minutes to see that the viscos- 
ity has come back to normal. 

® Let it cool again before using it. 

The liquids should never be stored in the 
refrigerator, but storage of the powder and the 


mixing slab in the refrigerator will marginally 


lengthen working time (Figure 7.3). The difference 

will noc be great, but, where the office is not air- 

conditioned, or the average temperature is high, 

it is worthwhile because it will take the pressure 

off the clinical handling. 

® Make sure that the slab is not below the dew 
point before dispensing the powder, 

® ‘VVipe it quite dry with a tissue, or there will 
be a small addition of water to the powder. 


Hand dispensing of powder and 
liquid 


lf the capsulated varieties of cement are not avail- 

able then hand dispensing must be carried out 

with great care. 

® Read the manufacturer's instructions, which 
will generally suggest that the powder be 
fluffed up in the bottle first and a level spoon- 
ful extracted and dispensed onto the slab. 

® Make sure that the spoon is full and that 
there is no excess powder on the back of the 
spoon or along the handle. 

® ‘Scrape the top of the spoon over the lip on 
the bottle, and be prepared to repeat: the 
measure if there are obvious spaces in the 
powder (Figure 7.4). 


Figure 7.3 


Figure 7.4 
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Instractions for dental assistants 


If the liquid is poly(acrylic acid), it is difficult to 


dispense without including an air bubble in the 
drop, particularly as it becomes more viscous. 
Dispense in two distinct moves. 


Tip the bottle onto its side first and allow the 
liquid to run into the spout. 

If the liquid is provided in a translucent bottle, 
this can be readily observed, If the bottle is 
opaque, experience will dictate the length of 
time required. 

Invert completely before dispensing a drop 
(Figures 7.5 and 7.6). Generally, there will 
now be a clean drop dispensed, with no air 
bubble included. 


lf the liquid is water or dilute tartaric acid, care 


must be taken to dispense only one drop at a 
time. 


Apply gentle pressure to the rubber cuff at 
the meck of the bottle, since a vigorous 
squeeze may produce a squirt rather than a 
drop (Figure 7.7). 


Figure 7.5 


Figure 7.6 


Figure 7.7 
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Mixing by hand 


Most manufacturers provide a paper pad on 


which to mix the cement. This is quite satisfac- 


tory, provided that the liquid is not left standing 
on the pad for longer than one minute, because 
water is likely to soak into the pad from the liquid 
and alter the powder/liquid ratio. Use of a glass 
slab is to be recommended, because it will not 
affect the water balance, it can be chilled in the 
refrigerator and working time can thus be slightly 
extended (Figure 7.8). 

The principle of mixing is simply to fold the 
powder into the liquid in the shortest possible 
time (Figures /.9—/.1 1). 


@® (Do not spread the mix around the slab and 
do not spatulate heavily. The object is to wer 
the surface of each particle of glass powder 
to develop the matrix—not to dissolve the 
entire particles in the liquid (Figure |.3). This 
means that either a steel or a plastic spatula 
can be used, as long as it is handled correctly. 


@ Divide the powder into two parts. Fold in the 
first half within 10-15 seconds, then add the 
second half and incorporate it entirely within 
the next 15 seconds. Keep the mixing to a 
small area of the slab only, and do not 
continue to spatulate once the powder is all 
incorporated. 

® Transfer into a 

syringe. 


immediately disposable 
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Figure 7.10 


Figure 7.8 


Figure 7.11 


Instructions for dental assistants 


Mixing of capsules 


In those cements dispensed in capsules the liquid 
component is generally a rather viscous 
poly(alkenoic acid). This means that care must be 
taken in collapsing the capsule to see that all the 
acid has been squeezed our of its sachet. 


@ lf the capsule is activated in a press, apply 
adequate pressure to the capsule and 
maintain that pressure for 3 or 4 seconds 
before releasing and placing the capsule in the 
machine for mixing (Figure 7.12). 

® lf the capsule is activated by rotating one half 
against the other, use adequate force to 
collapse it totally (Figure 7.13). 

® WNote the prescribed mixing time and do not 
vary it. Use an ultra-high-speed mixing 
machine, that is, one capable of at least 4000 
cylces/min. Machines capable of 3000 
cycles/min are not suitable for mixing these 
cements. It is important to realize that there 
may be considerable variation between differ- 
ent types of machine, and even some varia- 
tion within machines of the same make. This 
means that results are not necessarily 
standard (see page |). 

® Learn to recognize the time for ‘loss of gloss’ 
from the cement mixed by your machine, 
because placement of the cement after that 
time will result in loss of adhesion and deteri- 
oration of physical properties in the final 
restoration. To test the machine, make a trial 
mix and time it from the beginning of mix. 
Express the mix into a pile on a glass slab and 
watch it carefully. Although difficult to define, 
there is a point at which the gloss will have 
gone entirely from the surface. Normally this 
point should be reached at about 2 minutes 
from the start of mix, 


The time for mixing usually recommended is 10 
seconds in a machine capable of 4000 cycles/min. 
Extension beyond this time up to |5 seconds will 
reduce working time significantly, and is clinically 
undesirable. Reduction of mixing time to / 
seconds may extend working time to about 2.5 
minutes, but there is a risk of having unreacted 
liquid sull present (see Box A, page 10). 


Figure 7.12 
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Figure 7.13 
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® Immediately the capsule is removed from the 
machine, it may be necessary to bend the 
spout of some makes of capsule through 
about 45 degrees for ease of placement of the 
cement into difficult corners (Figure /.14). 

e Deliver the capsule promptly to the opera- 
tor. Working time is not long, because of the 
small temperature rise caused by the high 
energy of the machine-mixing. 


Correct consistency for hand- 
mixed cements 


Type I: luting cements 


Type | luting cements will be mixed at a 
powder/liquid ratio of about 1.5: | and will there- 
fore string up approximately 3-4 cm from_ the 
slab (Figures 7.15 and /.16). 
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Figure 7.14 


Figure 7.15 


Figure 7.16 
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Figure 7.17 


Type Il. /: restorative aesthetic cernents 


Type ILI, both dual cure and auto cure, restora- 
tive aesthetic cements will string only | cm off the 
slab, but must retain a glossy surface (Figures 7.17 
and 7.18), 


Type I.2: restorative reinforced cements 


Type Il.2 restorative reinforced cements will have 
the same powder/liquid ratio as the Type Iii.1 
restorative aesthetic cements. Therefore they will 
string up approximately | cm off the slab, and 
must retain a glossy surface. VWorking time for 
the hand-mixed variety will be very short (since 


Figure 7.19 


Figure 7.18 


these cements are generally capsulated, no illus- 
tration is shown). 


Type Ill: lining cements 


For lining amalgams, the powder/liquid ratio will 
be only |.5: 1 for both dual cure and auto cure 
cements, so the cement will string up 3—4 cm off 
the slab (Figure 7.19). 

For basing out composite resins, the powder/ 
liquid ratio will be 3:1 or greater, so capsulation 
is recommended, HF hand-mixed, it will string out 
only |-—2cm, but must retain a glossy surface 
(Figure 7.20). Working time will be quite short for 
the auto cure cement, but will be approximately 
3.25 minutes for dual cure cements. 


Figure 7.20 
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Methods of placement 
Type |: luting cements 


Apply with a short, stiff-bristled brush to both the 
restoration and the tooth (Figures 7.21 and 7.22). 
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Type Ill: restorative aesthetic cements 


Apply for preference in a syringe, for positive 
placement and reduction of porosity. If hand- 
mixed, transfer into a Centrix-type disposable 
syringe (Figures 7.23 and 7.24). 


Figure 7.21 


Figure 7.22 


Figure 7.23 


Figure 7.24 


Instructions for dental ossistants 


Type II.2: restorative reinforced cements 


Apply in a syringe and tamp into place using a 
small plastic sponge (Figure 7.25). lf hand-mixed, 
transfer into a Centrix-type disposable syringe. 


Type Ill: lining cements 


To line a cavity 


Apply with calcium hydroxide applicator, and flow 
into place (see Figure 5.8). 


To place or base a dentine substitute 


Apply with a syringe, and tamp into place with a 
small plastic sponge (Figure 7.25). 


Clean-up procedures 


@ <As soon as the cement has been used, and 
prior to its setting, completely immerse the 
slab and the spatula in water. It will then clean 
of quite readily. The longer it is allowed to 
set, the more difficult it will be to remove 
(Figures 7.26—7.27). 

® if the cement has inadvertently been allowed 
to set on the slab or the instruments, there 
is no alternative other than to chip it off. 
stand it in water for a while first; this will 
make it easier, but it will still be hard work. 


Figure 7.25 


Figure 7.26 


Figure 7.27 
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8 Condensed 
instructions: 
all types 


The following instructions are meant to be a brief 
resumé aimed primarily at the chairside dental 
assistant. They can be used in place of the printed 
instructions from manufacturers, which are often 
a litth vague and on many occasions are clouded 
by the use of adjectives extolling the virtues of 
their particular product. 

These instructions can be used as a ready 
reference for each of the types of material; they 
are brief enough to be kept in the operating room 
for ready reference by the assistant. 


Type [: luting cements 
Dispensing 


The powder/liquid ratio is important. When 
dispensing the powder, follow the manufacturer's 
directions. In particular: 

® Shake the bottle 

® Spoon out the powder carefully, 


It is very easy to: 
@ Have voids in the powder and therefore 
under-dispense 
@® Have spare powder on the back of the spoon 
oer the handle and therefore over-dispense. 


When dispensing the liquid: 
® Turn the bottle horizontal for a moment, 
then pause before inverting completely to 
ensure dispensing a clean drop. 
® Count the drops. 


Mix half the powder at a time and complete the 
mix quickly, The chemical reaction begins 
immediately, and prolonged mixing will only 
break up the newly formed polymer chains and 
dissolve the powder. 


Conditioning the tooth 
Vital tooth 


Having removed the temporary restoration and 
any remaining cement, just wash the tooth with air/ 
water spray and lightly dry it. Do not dehydrate. 


@ Do not clean any further. 

@® Do not remove the smear layer. 

@ ‘Seal the smear layer with a mineralizing 
solution or a dentine bond containing a 
poly(alkenoic acid). 

® lf you are relying on the adhesion between 
the cement and the dentine to retain the 
crown then do not cement the crown. 

@® The use of an adhesive cement will nor 
compensate for a poor preparation. 


Non-vital tooth 


Having removed the temporary restoration and 
any remaining cement, condition the entire 
dentine, particularly in the posthole, with 10% 
poly(acrylic acid} for 10-15 seconds. 


@ Wash thoroughly with water, then dry with 
alcohol followed by a gentle air stream. 
@® Do not dehydrate the tooth. 


Placement of the restoration 


@ Paint the cement onto the restoration with a 
small stiff bristle brush. 

® Paint a little cement onto the tooth as well. 

@ Place the restoration and apply positive 
pressure until the margin is fully closed. 
Release the pressure and maintain a dry field. 

® If using a fast-setting cement, further protec- 
tion is not required, 

® lf using a slow-setting cement, varnish liber- 
ally with the manufacturer's waterproof 
varnish and wait until the cement is set. 
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Type Il.l: restorative aesthetic 
cements 


Dispensing 


The powder/liquid ratio is important for both 
auto cure and dual cure cements. 


Capsulated 


The powder/liquid ratio is already set. Follow the 
manufacturer's directions carefully when activat- 
ing the capsule. 


Hand dispensing 


When dispensing the powder, follow the 
manufacturer's directions. In particular: 

@ Shake the bottle 

® Spoon out the powder carefully. 


It is very easy to: 

@® Have voids in the powder and therefore 
under-dispense 

@ Have spare powder on the back of the spoon 
or the handle and therefore over-dispense. 


When dispensing the liquid: 

® Turn the bottle horizontal for a moment, 
then pause before inverting completely to 
ensure dispensing a clean drop. 

# Count the drops. 


Mix half the powder at a time and complete the 
mix quickly, The chemical reaction begins 
immediately, and prolonged mixing will only 
break up the newly formed polymer chains and 
dissolve the powder. 


Conditioning the tooth 


® To gain optimum adhesion, remove the smear 
layer, plaque, pellicle and any other contami- 
nants to ensure that the dentine and enamel 
are in a clean condition ready for full chemi- 
cal union. 

® Alternatively, apply a mineralizing solution. 


Prepared cavity 


Apply 10% poly(acrylic acid) on a cotton pledget 


for 10-15 seconds only. Wash thoroughly with 


air/water spray for 20 seconds. Dry lightly. Do 
not dehydrate, 


Erosion lesion 


Clean lightly with a slurry of pumice and water. 
Wash thoroughly, with air/water spray. Dry 
lightly. Condition with |0% poly(acrylic acid) for 
10-15 seconds and wash again. Dry lightly. Do 
not dehydrate. 
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Placement of the restoration 


Apply the cement to the cavity promptly. 
Remember, it is already beginning to set. 

Use of a syringe is desirable because positive 
placement will minimize porosities and voids. 
Use of a matrix is desirable but not essential. 
The cement will set in the presence of air, but 
a matrix will apply presure and adapt the 
material more positively to the cavity floor 
and walls and minimize porosities and voids. 


Note carefully: Probably because of its 
chemical affinity to both tooth structure and 
the material of the matrix strip, the cement 
will not flow far in advance of the tip of the 
syringe. Therefore place the tip of the syringe 
right to the floor of the cavity, or right to the 
end of the tunnel. Begin to syringe and 
withdraw at the same time. When placing 
capsulated cements, it is possible to place 
incrementally and tamp each increment into 
position with a small plastic sponge. 
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Completion of the new restoration 
Dual cure cements 


e Light-activate for 20 seconds before removing 
the matrix, 

® Light-activate for at least 20 seconds after 
removing the matrix. 

® tis impossible to over-light-activate, but failure 
to completely activate can be dangerous, 

® Carefully contour and polish after full activa- 
tion under air/water spray using fine-graded 
polishing diamonds: do not dehydrate. 

@ Apply a low-viscosity resin glaze containing a 
poly(alkenoic acid). 


Auto cure cements 


® Type Il.| auto cure cements take at least 24 
hours to achieve an acceptable degree of 
maturity. If aesthetics and physical properties 
are important, do not disturb for 24 hours. 

® Approximately 4 minutes from starting to mix 
the cement, remove the excess cement from 
around the matrix, and confirm that it is set. 
Remove the matrix and immediately apply a 
liberal coat of a single-component, very low- 
viscosity, light-activated bonding resin. 

® After application ‘of the bonding resin, trim 
only if essential. Adjust the occlusion and 
remove overhangs as required. 

e Apply more bond if required and activate with 
light. Do not disturb again for 24 hours. 


Polishing 


After 24 hours, polish as required—always under 

air/water spray. 

® Trim with very fine diamonds under air/water 
spray. 

® Smooth with graded, abrasive rubber polish- 
ing points under air/water spray. 

@ Polish with Soflex discs under air/water spray. 

@ Apply a low-viscosity resin glaze containing a 
poly(alkenoic acid). 


Maturation 

For the first 6 months after placement. since 
chemical maturation will continue for some 
considerable time, be prepared to cover the 
restoration with a single-component, very low- 
viscosity, light-activated bonding resin if it is to be 
exposed to air for longer than a few minutes. 


Type II.2: restorative reinforced 
cements 


Dispensing 


The powder/liquid ratio is important. 


Capsulated 


The powder/liquid ratio is already set. Follow the 
manufacturer's directions carefully when activat- 
ing the capsule. 


Hand dispensing 


When dispensing the powder, follow the 
manufacturer's directions. In particular: 

@ Shake the bottle 

® Spoon out the powder carefully. 


It is very easy to: 

@ Have voids in the powder and therefore 
under-dispense 

® Have spare powder on the back of the spoon 
or the handle and therefore over-dispense. 


When dispensing the liquid: 

® Turn the bottle horizontal for a moment, 
then pause before inverting completely to 
ensure dispensing a clean drop. 

® Count the drops. 


Mix half the powder at a time and complete the 
mix quickly, The chemical reaction begins 
immediately, and prolonged mixing will only 
break up the newly formed polymer chains. 


Conditioning the tooth 


® To gain optimum adhesion, remove the smear 
layer, plaque, pellicle and any other contami- 
nants to ensure that the dentine and enamel 
are in a clean condition ready for full chemi- 
cal union. 

@ Alternatively, apply a mineralizing solution. 


Prepared cavity 


Apply 10% poly(acrylic acid) on a cotton pledget 
for 10-15 seconds only. Wash thoroughly with 
air/water spray for 20 seconds. Dry lightly, do not 
dehydrate. 
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Placement of the restoration 


@ Apply the cement to the cavity promptly, 
Remember, it is beginning to set already. 

@ Use of a syringe is desirable, since positive 
placement will minimize porosities and voids. 

® Tamp into place using a small plastic sponge 
held in conveying tweezers. 

e Use of a matrix is desirable but not essential, 
The cement will set in the presence of air, but 
a matrix will apply pressure and adapt the 
material more positively to the cavity floor 
and wall and so minimize porosities and voids. 


® WNote carefully: Probably because of its 
chemical affinity for both tooth structure and 
the material of the matrix strip, the cement 
will noc flow far in advance of the tip of the 
syringe. Therefore place the tip of the syringe 
right to the floor of the cavity, or right to the 
end of the tunnel, Begin to syringe and 
withdraw at the same time. 


Protection of the new restoration 


® This cement is completely resistant to water 
uptake 6 minutes after starting to mix, The 
application of a protective layer is therefore 
net required. 

® However, if left exposed for longer than 10 
minutes, for example under a rubber dam, it 
will dehydrate and crack. If it is necessary to 
leave it exposed then it should be protected 
with a resin-bonding agent after polishing. 


Polishing 


Six minutes after starting to mix the cement, 

contour and polish as required—always under 

airiwater spray, 

® Trim with very fine diamonds under air/water 
spray. 

® Smooth with graded abrasive rubber polishing 
points under air/water spray. 

® Polish with Soflex discs under air/water spray. 


Type Ill: lining cements 
Dispensing 


The powder/liquid ratia is important. 


Capsulated 


The powder/liquid ratio is already set. Follow the 
manufacturers directions carefully when activat- 
ing the capsule. 


Hand dispensing 


When dispensing the powder, follow the 
manufacturer's directions. In particular: 

® Shake the bortle 

@® ‘Spoon out the powder carefully. 


lt is very easy to: 

@ Have voids in the powder and therefore 
under-dispense 

@ Have spare powder on the back of the spoon 
or the handle and therefore over-dispense. 


When dispensing the liquid: 

® Turn the bottle horizontal for a moment, 
then pause before inverting completely to 
ensure dispensing a clean drop. 

® Count the drops. 


Mix half the powder at a time and complete the 
mix quickly. The chemical reaction begins 
immediately, and prolonged mixing will only 
break up the newly formed polymer chains. 


Conditioning the tooth 


® To gain optimum adhesion, remove the smear 
layer, plaque, pellicle and any other contami- 
nants to ensure that the dentine and enamel 
are in a clean condition ready for full chemi- 
cal union. 

® Alternatively, apply a mineralizing solution, 
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Prepared cavity 


Apply 10% poly(acrylic acid) on a cotton pledget 
for 10-15 seconds only. WWash thoroughly with 
air/water spray for 20 seconds. Dry lightly. Do 
not dehydrate. 

fF adhesion is not necessary (for example, when 
placing a lining under an amalgam restoration), 
omit the conditioning phase. 


Placement of the cement 


Auto cure cements 


At the prescribed powder/liquid ratio, lining 
cements are very thin and flow easily. Note that 
they set rapidly, and working time is limited. By 
the ‘tacky’ stage, no further adhesion is available. 
Flow into place with a small applicator, or use a 
syringe if placing the cement in bulk. 


Dual cure cements 


These cements are also thin and flow readily. 
They require a minimum of 20 seconds exposure 
to the activator light and are set on command. 


Protection of the cement 


@ The auto cure cement is set and resistant to 
water loss approximately 6 minutes from 
starting to mix, so protection is not required. 

@® However, if left exposed for longer than |0 
minutes, it is likely to dehydrate and crack. 
Therefore proceed promptly and complete 
the restoration. 

@® The dual cure is set on command, and is then 
resistant to water exchange. 


Condensed instructions: all tybes 


Glass-ionomer/composite resin 
lamination 


Glass-ionomer cement is the base for composite 
resin in the so-called sandwich technique. The 
glass-ionomer cement will provide union with the 
dentine, and the composite resin will unite 
strongly with the enamel, 


Selection of glass-ionomer cement 


® As optimum strength is required, use the 
strongest cement available, with a high 
powder/liquid ratio. 

® lf aesthetics is important, use a Type Il.| 
restorative aesthetic dual cure cement. 

® Always use a radiopaque cement. 


Dispensing 


The powder/liquid ratio is important. 


Capsulated 


® The powder/liquid ratio is already set. Follow 
the manufacturer's directions carefully when 
activating the capsule, 


Hand dispensing 


When dispensing the powder, follow the 
manufacturers directions. In particular: 

® Shake the bottle 

® Spoon out the powder carefully. 


It is very easy to: 

e Have voids in the powder and therefore 
under-dispense 

@ Have spare powder on the back of the spoon 
or the handle and therefore over-dispense. 


When dispensing the liquid: 

® Turn the bottle horizontal for a moment, 
then pause before inverting completely to 
ensure dispensing a clean drop. 

® Count the drops. 


Mix half the powder at a time and complete the 
mix quickly. The chemical reaction begins 
immediately, and prolonged mixing will only 
break up the newly formed polymer chains. 


Conditioning the tooth 


® To gain optimum adhesion, remove the smear 
layer, plaque, pellicle and any other contami- 
nants to ensure that the dentine and enamel 
are in a clean condition ready for full chemi- 
cal union. 

® Alternatively, apply a mineralizing solution. 


Prepared cavity 


@ Apply I0% polylacrylic acid) on a cotton 
pledget for [0-15 seconds only. Wash 
thoroughly with air/water spray for 20 
seconds, Dry lightly. Do not dehydrate. 


Erosion lesion 

@ Clean lightly with a slurry of pumice and 
water. Wash thoroughly with air/water spray 
and dry lightly. Condition with 10% 
poly(acrylic acid) and wash again. Dry but do 
not dehydrate. 
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Placement of the cement 


If using a dual cure cement 


Load the cavity generously to cover the entire 
dentine walls and build incrementally at least 
2mm above the gingival floor using a matrix 
as required. 

Light-activate from various directions to 
ensure adequate activation. It is not possi- 
ble to over-light-activate. 


If using a Type Il.| auto cure cement: 


Fill the cavity with the cement of choice, 
making sure that all the dentine is covered. 
Build up at least 2mm above the gingival 
margin, using a matrix to support the cement 
if required. 

At 4 minutes from the start of mix, cover the 
cement with a generous layer of single- 
component low-viscosity, _ light-activated 
bonding resin and light-activate. Leave undis- 
turbed for 20 minutes. Only then proceed to 
place the composite resin. 


If using a Type IL2 reinforced cement: 


Fill the cavity with the cement of choice, 
making sure that all the dentine is covered. 
Build up at least 2mm above the gingival 
margin towards the contact area, using a 
matrix to support the cement, if required. 
At 6 minutes from the start of mix, proceed 
to place the composite resin. 3 


If using a Type Ill cement: 


Use a low powder/liquid ratio of |.5—1.0 only 
if the entire cavity is surrounded by enamel 
strong enough to provide an enamel-bonded 
margin. Cover all dentinal tubules with a layer 
of cement at least | mm thick. Etching of the 
cement is optional under these circumstances. 
Use a high powder/liquid ratio of 3:1 or 
greater if any margin is in dentine or the 
remaining enamel is Weak and friable. Overfill 
the cavity with the cement of choice, making 
sure that all dentine is covered. Build up at 
least 2 mm above the gingival margin towards 
the contact area, using a matrix for support. 
At 6 minutes from the start of mix, proceed 
to place the composite resin. 
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Placement of composite resin 


Once the cement is set, proceed as follows: 


Trim the cement with very fine diamonds 
under air/water spray to final cavity outline. 
Remove  singhe-component, low-viscosity, 
light-activated bonding resin from areas to be 
etched, including the enamel. Leave the 
dentine covered, especially at the gingival 
margin. 

Bevel the enamel margins as required. Wash 
and dry lightly. 

Place etchant over enamel and glass-ionomer 
cement. After 15 seconds, wash thoroughly 
for 30 seconds and dry, but do not dehydrate. 
Note that it is unnecessary to etch a dual 
cure cement, but acid on the cement will do 
no harm. 

Apply resin bonding agent, blow off excess 
and light-activate. 

Apply the composite resin and, building incre- 
mentally, complete the restoration, 


Appendix 


BOX E CAVITY PREPARATION INSTRUMENTS _ 


There is a very extensive array of cutting instruments available to the profession for the 
preparation of a cavity, and selection of the most appropriate is often difficult. The follow- 
ing list is presented as a starting point only, in full recognition that practically all manufac- 
turers of dental rotary cutting instruments will have their version of this [ist. 

The main principle involved is preservation of remaining tooth structure, and each of 
these groups of burs have been selected with this in mind. 

One technique that is of great value in controlling the amount of tooth removed during 
cavity preparation is the use of intermediate high speed, namely 40 000-60 000 revolu- 
tions/min under air/water spray. This provides for excellent tactile sense, while at the same 
time allowing tooth removal at a sufficiently economical speed, particularly when preparing 
such fine surgical-type cavities as advocated here. 


Diamond stones 


(a) Tapered stones for entering, defining: Intensiv 206 
Small cylinder for entering: Horico FG 106 010 
Very fine taper for fissures: Abrasive Technology MFS 20! MF | 


Steel burs, latch type 


(b) Tapered fissure bur TF AC 700: 38/010 
Small round for caries removal: 1/0) 1=—l/016 
Long-shank round: 1012-016 ELA 


Extra long-shank: Moller Pulp bur, Meisinger 191/120-1180 
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BOX F SUITABLE MATRICES 


Class I/fissure seal 

elf the matrix requires considerable strength, use Hawe Cervical Matrix no, 723 and 
preshape on the tooth (see Figure 3.6). 

@ lf the matrix requires only moderate strength, use a small section of lead foil from the 
back of an X-ray film. Cut it to shape and apply a very light film of low-viscosity, light- 
activated resin or vaseline on the undersurface. It will now form to shape under finger 
pressure and peel readily from the set cement. 

@ lf the matrix does not require any strength at all, use a small piece of domestic-type 
Glad VWVrap cut to shape. Adapt with finger pressure. 


Class Il 

@ lf the matrix requires considerable strength, use a conventional mild steel matrix strip 
either alone or in a retainer. Apply a thin coating of low-viscosiry, light-activated resin 
er vaseline to the inner surface before seating (see Figure 5.13). 

@ If the matrix requires only moderate strength, use a regular mylar strip, cut to length 
and wedged as required (see Figure 6.71). 


Class Ill 
® Use a regular mylar strip. Cut to length and wedge as required. 


Class V 

e For the placement of a dualecure cement use a preformed translucent matrix such as 
that supplied by Ivoclar (see Figure 3.20). 

® When placing an auto cure cement, preform a Hawe Cervical Matrix nos. 719-723. These 
have already been pretreated to allow separation from the set cement (see Figure 4.8). 

® For complex two- and three-surface Class V cavities, cut heavy tin foil to shape, and 
support as required with greenstick compound. Cut a hole in a strategic position with 
a round bur (1/018) and syringe into place through the hole. 


Apiendix 


BOX G WEDGES 


The purpose of a wedge is twofold. It can be used to support the gingival margin of a 
matrix band or to gain space between two teeth and thereby improve the strength of the 
contact point. It can fulfil both purposes at once. 


To support the gingival margin of a 
matrix band: 


® Use a wooden wedge, but take care not 
to distort the matrix band. 

® lf the matrix band is frail and likely to 
distort under pressure, use a small 
pledget of cotton wool soaked in a light- 
activated resin bonding agent. Place this 
interproximally as required and light- 
activate. This will give sufficient support 
to the matrix to allow positioning of the 
glass-ionomer cement without displace- 
ment or production of an overhang. 


@ If the matrix is of heavy tin foil, support 
as required with greenstick compound. 


To gain space between two teeth: 


@ Plan ahead of time and place an 
orthodontic rubber ring one week 
before restoration. 

@® Place a wooden wedge before beginning 
cavity preparation. Adjust the pressure 
periodically prior to placing the matrix. 

@ lf placing a posterior composite resin 
restoration, use a plastic light-transmit- 
ting wedge in the same manner. 
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restorative aesthetic cements, 43 
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Waterproof coatings, 3 
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A-rays, 29, 31, 84 
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Zine phosphate cements, 32—4, 74, 41 
Zinc polycarboxylave cements, 33 
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Clinical Techniques in Dentistry 


An Atlas of 
Glass-lonomer Cements 
A Clinician’s Guide 

SECOND EDITION 


Glass-ionomer cements have proved their worth in the area of 
restorative dentistry, and the dental profession has now recognized 
their unique properties, which include the ability to ion-exchange at 
the tooth interface, leach fluoride and maintain marginal seal over 
long periods. The author is a pioneer in the field and presents the 
practising dentist with the relevant, concise and state-of-the-art 
information needed for successful restorations; the text is profusely 
illustrated with clinical slides showing the long-term results. 


The second edition of this successful volume has been fully revised 
and updated, and now includes extensive discussion of the new dual 
cure cements with the consequent modifications to clinical techniques. 


Contents @ Description of glass-ionomer cements I Type |: luting 
cements @ Type IL.|: restorative aesthetic cements M Type Il.2: 
restorative reinforced cements @ Type Ill: lining cements & Modified 
cavity designs suitable for restoration with glass-ionomer cements & 
Instructions for dental assistants @ Condensed instructions: all types 


With over 300 full-colour and black-and-white photographs 
and radiographs and line drawings 


Review of the first edition: ) 

‘All the techniques are there, superbly illustrated with 
carefully reproduced colour photographs backed up by 
a lively and highly readable text." 

Dental Update 


MARTIN DUNITZ 


